oF THE SOCIETY FOR _ ANALYTICAL CHEMISTRY 


BAN Ordinary Meeting of the Society, organised by the Physical Methods eins was held ee 


Bt 7 p.m. on Wednesday, February Ist, 1961, in the meeting room of the Chemical Society, _ 


4 Burlington House, London, TheC Chair was taken by the President, Mr. R. C. Chirnside, 


The subject of the meeting was “X-ray Fluorescence” and the following papers were 


resented and discussed: ‘X-ray Fluorescence Spectroscopy,”” by K. M. Bills; “Some 


ery Hollis. Amstein, B. Sc., A.R.C.S., Ph. D. (Lond. );  Dagnall, B.Sc. (Birm. m.); 
Patrick Paul Donovan, M. Sc., Ph.D. (N. U.I.), M.I.C.I.; Michael Freegarde, B.Sc. (Sheff.), 
A.R.I.C.; William Edward Hearn; John Charles Henry Jones, B.Sc. (Lond.) ; Ronald Mead 
Pearson, A.R.I.C.; Albert George Roach, Ph.D. (Manc.), B.Sc. (Wales), A.R.I.C.; Ernest. 
Biaiter Summers, B.Sc. (Lo ond.) ; Victor Daniel Tyrrell, B. Se., M. A. (T.C.D.), M. Sc. WU. U. 

Peter Edmund Arnold, ARLC; James Lewis ‘Tomlinson. 


7 


\Jourr ¥ Meeting of the: Scottish Section of the Society with the Chemical Society/t the ee 
=i Chemical "4 and the Royal Institute of Chemistry was held at 7.15 p.m. on ox . 


mow, C.1. 
H-WC., 


The following paper was and. Chemistry 4 the EI Electrical 


mn Ordinary Meeting of the Section was held at 7 p.m. on Tuesday, January 10th 1961, 
mt the Wolverhampton and Staffordshire College of Technology, Wulfruna Street, Wolver- _ 
Bampton. _ The Chair was taken by the Chairman of the Section, Dr. S. H. Jenkins, F.R.I.C., _ 


™ The following paper was presented and discussed : “Trace Analysis Using the Re a ; 
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THE sixteenth Annual General | Meeting of the Group was held at +6. 30 p.m. on Thursday, 
December 8th, 1960, in “The Feathers,” Tudor Street, London, E.C.4. The Chair was| 
taken by the Chairman of the Group, Dr. ‘oo 4 Jones, FRAC. _ The following Officers 
and Committee Members were elected for the forthcoming year :—Chairman—Mr. La 
Simpson. Vice-Chairman—Mr. W. A. Broom. Hon. Secretary and Treasurer—Mr. K. L, 
Smith, Standards Department, Boots Pure Drug Co. Ltd., Nottingham. Members of Com- 
__- mittee—Mr. P. A. Andrews, Mrs. J. Gammon, Miss A. M. Jones. Dr. J. 1. M. Jones, Dr. M. W. 
Parkes and Dr. G. F. Somers. Mr. D. M. Freeland and Dr. jJ.H - Hamence we were re-appointed 


(Austr 


LrEs, F. R. LC. passed away suddenly at his home i in on 
22nd, 1960, in his 7st. year, was born in Ramsbottom, Lancashire, and was educated at 


His first introduction to public health chemistry was with the York Water Board. Ing’ 
: the year 1914 he became an assistant in the laboratory of J. A. Foster, who was Public Analyst 
for the East Riding of Yorkshire, and in 1916 he joined an Ordnance Factory at Leeds. Injj POU" 
3 1918 he was appointed an assistant analyst on the staff of the Lancashire County Laboratory illnes 
under W. Collingwood Williams and spent 37 years in that laboratory, both in Liverpool fj ©" 
and later when it was removed to Preston, retiring in January, 1955. He was made Chief won 
_ Assistant County Analyst and an Additional Public Analyst in 1938 and was appointed Deputy § "T° 
County Analyst in 1946. His work as an analyst was always characterised by its neatness, vie 
_ and he was meticulous (to use his own word) in his attention to the detail of any investigation. § *PP* 
In collaboration with G. D. Elsdon and with J. R. Stubbs he contributed papers to The jchen 
Arnold Lees was a staunch supporter of the North of England Section of the Society and ? 
‘never missed a meeting over a period of many years. — In 1940 he became Honorary Secretaryoff 
- _ the Section, which office he held until 1955. It was largely due to his efforts that the meetings, 

, and particularly the Summer Meetings, were such an unqualified success. On his resignation - 


a presentation was made to him by the then President, Dr. D. W. Kent-Jones, in sais cusanes = 

He was passionately fond of sport, particularly cricket and football. He was a member pury 
of Lancashire County Cricket Club and he made a point every year of attending the Scar- 
_ brough Cricket Festival, where he enjoyed the company of his many friends. During his 
~ last ten years he was President of an amateur football club in his home town " He was alsof 
a a Committee member of the Northern Section of the Lancashire Amateur League, a member POU 

of Council of the Lancashire Amateur League and Area Representative of the Lancashire a 
Football Association, Amateur Committee. In his retirement, therefore, he gave his services 9 
_to sport as wholeheartedly as he had given them to the North of England Section of the Society - 
_ Arnold Lees had many friends in his profession and in the world of sport. He was an 
_ exemplary father dearly loved by all his nay: _ He leaves a widow and two sons ; , the aca 
have both taken up careers in chemistry. 
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Analytical ‘Chemistry of 


By L. E. SMYTHE anp R N. WHITTEM 
Austratlian Energy Commission Research Establishment, Sydney, New South Wales, Australia) — 


General chemical and radiochemical methods 


Volumetric 


‘Colorimetric and fluori 


BEFORE 1939, the analytical chemistry of beryllium dealt mainly with the analysis of beryilium Pe 
ores, a limited number of beryllium compounds and a few useful alloys with such metals as 7 
aluminium (introduced in 1918) and copper (introduced in 1926). During the past 20 years — 
new uses have been found for beryllium in the electrical, chemical and metal industries and, — 
more recently, in the field of atomic energy. The increasing use of beryllium and its all 
pounds led to the recognition, in the early 1940’s, of beryllium disease causing ore 
illness and certain kinds of skin reactions. Investigations of this disease and the control of 
occupational levels of beryllium required the development of methods for detecting small 
traces of beryllium in a variety of materials (see Table I). Accurate analytical methods 
were also required for the whole range of macro to micro amounts , of beryllium. | ? Although 
a Russian! review was ‘published i in 1957 and a specialised review? in 1958, many papers have 
appeared in the literature during the past 3 years. This review is ee. to assist oi reget 
chemists with a coverage of the more recent 


Materials that may require examination are listed in TableI. 


GENERAL | CHEMICAL AND RADIOCHEMICAL METHOD 

General chemical and radiochemical methods for determining Semele miei be con- 

veniently grouped under nine headings. This grouping, although convenient for review 

ede: is not rigid, since an analytical procedure might involve a combination “ ethods. ) 


_ Gravimetric rocedures for determining ber llium are e based on the formation of com- | 
Pp § bery 


pounds insoluble under certain conditions; some of the more “insoluble” beryllium compounds 

_ It should be noted that the exact compositions of many of ‘the ‘compounds listed in 
Table II are unknown and that this is a limitation to their use in accurate — oo 
methods. The literature of beryllium is overburdened with compounds » that have been 

assigned formulae simply from the chemical analysis of the solid phases—mixed crystals, a 
residues from evaporation or indefinite gummy precipitates obtained under various con- 
ditions. For example, the halides of beryllium are hydrolysed by water, and, by careful 


Reprints of this paper will be available shortly. For details, please see 
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SMYTHE ‘AND WHITTEM: 


1 
avd CONTAINING MATERIALS 
& | 


Beryllium ores (generally 3BeO.Al,O3. 6SiO,) Be, Al, Na, Fe, Ni, Li, Mg, Cr, Mn, Ca,etc. 
‘Beryllium metal (commercial or high- Metals—Al, Fe, Si, Ca, Mg, Cu, Mn, Cr, Ni, Cd, B, lanthan. 
H, N, C, halogens, He, +H, 

Beryllium oxide and hydroxide Asfor beryllium metal 

AS for beryllium metal, but larger amounts alloying 

@lements such as Th, U,Pu,eto. 
Beryllium ec Mainly major constituents, e.g., carbide, 


halides, organo-metallic, etc.) $§|§ etc. 

Filter-paper smears or swabs 
Soils 


Norz—Beryilinm metal, alloys or compounds will contain active constituents after irradiation in 
materials-testing reactors. Radiochemical analysis is necessary in such instances. 
"manipulation of the evaporation residues, products of almost any degree of basicity can be 
_~prepared. _ It follows that many compounds of beryllium cannot be prepared by methods 
involving 
_ Owing to lack of many insoluble beryllium compounds of definite composition, the most 
common and reliable method for determining beryllium gravimetrically involves precipitation 
of beryllium hydroxide and subsequent ignition to the oxide.?.4.5.¢ method is con- 
_ paratively straightforward, although appropriate health precautions ‘should be taken with 
ignited beryllium oxide. 7 Because of the colloidal nature of beryllium hydroxide, the results 


of gravimetric determinations are likely to be high, owing to adsorption and occlusion of 
_ impurity elements and compounds. Special precipitation procedures are used involving 


— precipitation of beryllium hydroxide from near-neutral solution. Appropriate separation 


procedures are required in the presence of aluminium, silica, the hydrogen sulphide group, 
iron, titanium, zirconium, lanthanides, chromium, , tungsten, vanadium and on — 


#he 


Beryllium Be(OH),* 


Beryllium oxide, hydrate, B BeO. Decomposes on heating 
Beryllium oxide, BeO 


Stable to above 2000° C 
Beryllium sulphate, BeSO, w Hydrate (.4H,0) is soluble 


Beryllium carbonate, basic, [BeCo, + Be(OH),] No normal carbonate 
Beryllium ammonium phosphate, BENH,PO,* $= 


Beryllium acetylacetonate, Be(C;H, 
Beryllium - tannin complex* — 
Beryllium - quinaldine comple 
Beryllium - oxine complex 
Beryllium - naphthaldehyde complex 
Beryllium - mercaptobenzothiazole 
Beryllium stearate, 
“a Other omtenie methods based on the isolation of insoluble beryllium compounds of 
rather indefinite composition (see Table II) require close control and careful assessment of 


These methods isolation of beryllium as the be cobalt- 
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j The free base liberated i is proportional Ss the beryllium present and can be titrated with — 
standard hydrochloric acid. _ However, it should be noted that, because the reaction is not ‘ oy 

«strictly stoicheiometric, it is necessary to use an empirically determined titre for 

ss. @ Another volumetric method is that in which quinalizarin is used to detect the end- - 4 

Re point. ‘ Tron interferes in this method and is removed by reducing the mixture with ote gall ne § 

in be Mand selectively dissolving the iron in hydrochloric acid. a he quinalizarin reagent is used in 

thods colour-comparison test in the presence of sodium hydroxide. _ Several modifications of this 
[Jmethod have been described, and it is said to be | suitable for amounts of beryllium i in 

ation = Other volumetric methods for beryllium “include the salicylate - fluoride ‘method, 
com- $hydroxyquinaldine with a volumetric finish,!* indirect complexometric titration of 7 

with @with ethylenediaminetetra-acetic acid (EDTA),.*! potassium iodate - sodium thiosulphate % 

sults Bhydrolysis method,” titration of ‘beryllium oxine with potassium bromate® and bismuth 

lving Volumetric methods for determining beryllium are possibly the least satisfactory of the 

ation chemical methods and their reliability under various conditions cannot be stated with any 

J Several reliable colorimetric and fluorimetric methods are available for beryllium. b — 
oa Most of these are suited to determining microgram to low milligram amounts of beryllium. a 


chrome cyanine R™ aluminon (ammonium aurintricarboxylate), 85,36 chrome blue K (also known 
at a mordant blue 31 or 4 -sulpho-2-hydroxyphenylazo-1,8-dihydroxynaphthalene-3,6- 
disulphonic acid),2? gossypin (a glycoside of the flavanol gossypetin),5* neothorin (arsenazo) 
ds of @thoron [1-(0- arsonopheny lazo)-2-naphthol-3,6-disulphonic acid], alberon (Solochrome 
nt of Urilliant blue miscellaneous # salicylic acid, beryllon II [8-hydroxy- 

naphthalene-3’, 6’-disulphonic acid-(l-azo-2')-1’, 8’-dihydroxynaphthalene-3’, 6’-disulphonic 


=<. 
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OF BERYLLIUM REVIEW 


methods are suitable for to gram amounts of beryl: 
jiu. With careful control the precision ar and accuracy are to approximately 0-1 to 1 per cent. 
_ Unfortunately there are few specific reactions that can be used for the volumetric deter- aan 
mination of beryllium. A reliable volumetric procedure suitable for microgram to milligram iby is 
amounts of beryllium would be invaluable. One volumetric method for beryllium?-1*+!? is ue 
based on formation of the extremely stable complex BeF,2-. If an excess of alkali fluoride 
potassium or sodium fluoride) is added to a suspension of the 
action proceeds almost quantitatively i in accordance with the equation— 


For example, a fluorimetric method for determining beryllium in which morin (2’,4’,3,5,7- a “ag 
pentahydroxyflavone) reagent is used is said to have a detection limit of 0-004 wg and is 

precise to 0-8 per cent. on 0-2 wg at the 95 per cent. confidence level. The procedure and “lt 
precautions to be observed to achieve this precision (¢.g., control of temperature, concentra- _ 
tions of morin, sodium hydroxide, salts, etc.) are rather time-consuming. ~ However, with a <a 


simple fluorimetric equipment and without any special precautions, measurements can easily = 
be made at levels down to 0-1 zg. Although good colorimetric methods for beryllium are 
also available, fluorimetric methods appear to have greater sensitivity and are more suitable __ 
for the microgram range. The colorimetric methods involve use of adsorption indicators or 
formation of suitable stoicheiometric complexes, 
_ Fluorimetric methods reported in the literature include morin n preceded by sulective 
dectrolysis?® or selective extraction,” 8-hydroxyquinaldine and successive extraction with 
fnal fluorimetric quinizarin (1, 4-dihydroxyanthraquinone),®° l-amino-4- 
§ hydroxyanthraquinone™ and a ‘rapid routine method for determining sub- -microgram and 
microgram amounts of beryllium in filter-paper™ 
Colorimetric methods involve use of chrome azurol S,®2.4° 8-hydroxyquinaldine,® Erio- 


} 


naphthaldehyde,* ammonium beryllium phosphate, the beryllium - tannin complex‘ or as 
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(p-nitrobenzeneazo-orcinol), curcumin (diferuloylmethane),*° molybdophosphoric acid,® 
Naphthochrome green G,® Naphthochrome azurine quinizarin,®.™ 5- -sulphosalicylic 
acid,® 1-amino-4-hydroxyanthraquinone™ and acetylacetone.® 
A wide choice of colorimetric reagents for beryllium is therefore available. Generally, 
the choice of reagent is governed by the material to be analysed and the interfering elements. 
Masking agents, solvent extraction, ion exchange, chromatography and electrochemical 
___ separation have all been used in conjunction with a colorimetric finish. _ Currently available 
_ colorimetric methods are not generally applicable in the sub-microgram range, and the lower 
_ limit for normal spectrophotometric precision is approximately 10 yg, mousey an upper lin Fe in 


‘Tonex exchange has not been in the determination of microgram n amounts 
- of beryllium. Some promising methods have recently been reported, and it is likely that 
ion-exchange ‘methods will receive more attention. — _ The new ion-exchange chelating resins 
soning such groups as iminodiacetate, e.8., Dowex Al chelating resin (The Dow Chemical 
Co., Midland, Michigan, U.S.A.), or the sodium diallyl phosphate complexing resins may | 
prove promising as the basis of new analytical procedures. The ion-exchange separation of 
4 beryllium with salicylate analogues has been studied by: Schubert, Lindenbaum and Westfall® 


be selectively eluted from a cation- -exchange resin with sdigiliniiidae acid (0-02 to 0-1 m) 
- at pH 3-5 to 4:5. The ions Cu**, UO,** and Ca** are not removed under these conditions; 
_ however, at pH 4-5 to 4-7 the ion UO, z+ j is eluted. At pH values above 6 in the presence of 
_ sulphosalicylic acid, beryllium is strongly adsorbed by an anion-exchange resin. The separa- 


tion of milligram amounts of beryllium can be carried out on a cross-linked polystyrene cation- ff liun 
exchange resin, such as Amberlite [R- ‘liz or saa Karb 225, in the ‘Presence of a complexing (l 4 
a buffer solution (pH 3-5 to 5-0) “beryllium, ‘chromium, Abc 
titanium and a slight excess of EDTA is passed through the resin in the ammonium form, only § tion 
beryllium is adsorbed. The beryllium can be eluted with ammonium chloride solution and |. 

_ determined by a suitable method. Belyavskaya and Fadeeva developed a method® for the PoL 
quantitative separation of beryllium from copper and nickel; they used SBS cation-exchange J 

_ Yesin in the ammonium form. The separation was carried out in ammoniacal medium (con- Ver 

_ taining ammonium carbonate) at pH 8-5 to 9-0 and subsequent elution was with ammonium § ¢lec 

_ carbonate solution; full details were not available to us. Another method for determining J to 
milligram amounts of beryllium in beryl was described by Nadkarni, Varde and Athavale*!; §{ hav 
beryllium was separated from iron, aluminium and titanium by ion exchange. _ After fusion J its : 
with sodium fluoride, digestion with sulphuric acid and addition of EDTA, the solution at J nee 
pH 3-5 was passed through a cation-exchange resin (Amberlite IRA-120 or Zeo-Karb 225) § pro 
in the sodium form. Beryllium was retained and the iron and aluminium complexes passed § ber 
through. The beryllium was then eluted and determined gravimetrically, as BeO. Ion Rai 
exchange has been used for the concentration of beryllium from sea water.** Only 10 ml of = 
Dowex 50-X8 resin (200 to 400 mesh) converted to the ferric form and hydrolysed with ne 


ammonia were required for 50 litresofseawater, 
_ The standard deviation of results by ion-exchange methods for beryllium in the milligram 


= appears to be about 5 per cent., and these methods cannot ; as yet be recommended for é 


wee: Only a a limited number of different solvent-extraction — have been. used in the 
determination of beryllium. Extraction systems based on chelate formation appear to be the 
most promising for analytical purposes. Six-membered ring systems including beta-diketones 

_ and hydroxycarbonyls have proved valuable. Little work, however, has been carried out on 
& analytical ion-association extraction systems in which beryllium may t be contained in the 
cationic or anionic member of the ion pair, 
“ont Analytical methods based on the solvent extraction of beryllium as acetylacetonate 
have received the most attention.® to 68 The method has been applied to metallurgical 
analysis, to radiochemical analysis™ and in conjunction with ‘Masking agents. 
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f(b) close control is required, (c) results are mostly ‘Semi- Re and (@) the > range of 


s § metric-titration procedures involving use of phosphorus-32°.87 and iron-598 have been 


finishes this « are Other solvent- extraction. for deter- 
mining beryllium include a fluorimetric method involving semi-micro purification of the | 
beryllium solution by extraction with ethyl acetate and diethyldithiocarbamate?’; sodium __ 
hydroxide and sodium sulphide“; 8-hydroxyquinaldine and chloroform”; separation as basic 5 
acetate and extraction with chloroform”; extraction with thenoyltrifluoroacetone. oe eit 
PS Solvent-extraction methods for beryllium are applicable from microgram to macro 
amounts. Under carefully controlled conditions recoveries of 95 per cent. and pa can be Pe 

ith 


achieved. In the microgram range the standard deviation is 5 to 10 per cent., 


1 Chromatographic methods for determining beryllium have not yet gained wide PREG 
ance. The disadvantages of such methods for beryllium include (a) lengthy bo 


An electrochromatographic method for beryllium has been described by. Majumdar and 
Singh. %@ The migration sequences of beryllium and seven other elements were determined © 

in various electrolytes; separations were possible with some mixtures containing up to four 
constituents. A semi-quantitative determination of beryllium, lithium and boron in minerals — 
by partition chromatography has been described,”* but cannot be recommended for routine — 
use. Amounts of beryllium between 10 and 90 pe have been separated from uranium and © 
titanium by paper chromatography, a mixture of isopropyl alcohol, acetylacetone and hydro 
chloric acid being used as solvent.” After separation, the ions were detected with an 
| ethanolic solution of quercetin and a solution of potassium ferrocyanide, and the planimetric — 
| method was used for quantitative evaluation of the separated spots. _ Values of Rr for beryl- — 
lium, uranium and titanium were also reported. The average error in the analysis of a- 
| (1 + 1) mixture of beryllium and uranium did not exceed +10 per cent. The determination — 
of beryllium after separation by paper chromatography has been described by Elbeih and 3 
Abou-Elnaga,” who used visual comparison of the the ¢ oxine complex under = Nae lise 


Published work on the polarographic determination of beryllium is limited.”8 Recently, 
Venkataratnam and Raghava Rao stated” that, in an 0-5 lithium chloride supporting © 
electrolyte at pH 3-4, the diffusion current at the first stage of reduction remained proportional — - 
to the concentration of beryllium i in solution up to 8 x 10-*m. Earlier workers a 
have failed to detect any ‘“‘steps’’ for the reduction of beryllium from aqueous solutions of . 
its salts. Proximity of the hydrogen steps resulting from hydrolysis of Be**+ ions plus the 
need for accurate pH control is likely to cause difficulties in measuring step height. A more _ 
promising field of investigation would be polarographic methods based on the reduction _ aa 
beryllium - organo complexes | of the hydroxyazo type or amperometric methods.®182 


Several interesting radiometric-titration, tracer,* photo-neutron and activation methods 

for beryllium have been described. Neutron-activation methods for impurities in beryllium 


__ A promising method, based on earlier work by Gaudin and Pannell®* and hon Aidarkin © 
and his co-workers®* has been further developed by Milner and Edwards.® The method is s 
based on measuring the photo-neutron flux produced when samples containing beryllium are 
irradiated with photons from an antimony-124 source. The method is rapid, interferences - 
are small (with the exceptions of boron, cadmium, samarium and gadolinium) and, i a 
the best conditions, the lower limit of detection is less than 0-002 per cent., as BeO. © Radio- _ 


described. The phosphorus-32 method is said to be suitable for determining milligram 
amounts of beryllium in alloys and concentrates. Beryllium, as sulphate, is added to a 
buffer solution at pH 5 to 5-5 and is titrated with 0-1 M diammonium hydrogen orthophos- | 
phate (containing phosphorus-32) of activity 20,000 to 30,000 counts per minute per ml. 
At intervals, 0-5-ml aliquots are withdrawn, spun in a centrifuge and counted, and the | 
equivalence point is found The of current radiometric 
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not as those of colorimetric and fluorimetric methods. has been deter. 


- mined®* in beryl by using radioactive iron-59. A preliminary oxalate precipitation is in- 
volved, and the procedure i in its present form does not appear to be suitable for microgram 
amounts of beryllium. A beryllium-hazard detector in which polonium-210 alpha particles 
are used has been described.** A 2-6-curie polonium-210 source provides a flux of alpha 
‘particles, to which samples of beryllium dust on filter-paper are exposed. The gamma- Tay 
yield of the reaction *Be(«, », y)!#C is used to measure the beryllium content. The method is 
in the 0-2 to peg of and a determination can be completed in 


_ Considerable attention has been devoted to the determination of impurities in a 
: _ and nearly all the analytical methods described in this review, with the addition of methods 
- such as vacuum fusion extraction, have been applied. "Despite the demand for improved 
analytical methods, few analyses have been carried out on beryllium with very low levels of 
impurities such as oxygen, hydrogen and nitrogen. In fact, the solid solubility limits for 
_ oxygen, hydrogen and nitrogen have apparently never been determined.” It is doubtful if 
ultra-high- -purity beryllium has ever been prepared and submitted to comprehensive analysis, | 
a comprehensive review dealing with methods for the detection of twenty-one compon- | 


_ ents i in beryllium has been published,? but no such review covers the literature of the past 2 § Flori 
years. Conventional methods have been used for detecting common anions, such as chloride | Oxyg: 
and sulphate, in beryllium compounds. Spectrographic methods have been extensively used § ~—— 
for determining metallic impurities in beryllium and beryllium compounds and are detailed Comb 


hydrogen, oxygen and other gases in beryllium. A wide variety of chemical and radio- § Beryl 


is _ Vacuum fusion extraction procedures have been extensively used for determining 


chemical methods has also been used. Some of the more dai aaa papers are summarised pe 


, ‘The major advantages of emission spectrometry are specificity, high sensitivity, rapid § fron : 
processing of large numbers of samples and the relatively small samples. Against this, § Chror 
_ limitations are imposed by the empirical nature of the method when quantitative results ee 
are required. For every form and composition of sample, it is necessary either to have a Cod 
s "range of standard samples or to carry out more or less extensive sample preparation to ensure § Uran 
_ that standards and samples can be directly marcato _ Even when this is done, spectrographic § Silicc 
_ amalyses for major elements show a considerebly higher standard deviation than do — 
_ most other methods. Thus, although many spectrographic techniques have been described ff y,./;, 
_ for determining beryllium in beryl, 155.196 jt is our opinion that this determination is prefer- iz 
ably carried out by conventional ‘‘wet”’ chemical methods. This section will therefore | ; 
deal with methods for determining traces of beryllium and its compounds and with methods 
‘ for determining traces of impurities in beryllium and beryllium oxide. 


Determination of very small amounts of berylliwm—Several techniques have been described 


_ for determining traccs of beryllium in various materials, for example, plutonium,*? thoria,™ § per 
_ bismuth - uranium alloys®® and plants. The major effort, however, appears to have been § ‘s tl 
directed to meet the requirements of speed and sensitivity limits set for environmental moni- § imn 

_ toring by smears, air-sampling, etc., reviewed recently by Brooks.“! A wide variety of § the 
techniques has been used, the highest sensitivity claimed being obtained by the cathode- § stat 
layer technique. In this method,'5.1,143 the sample, as a powder or a solution dried on the § to é 

- graphite cathode, is arced at 10 to 15 amps, and only light originating very near the cathode /-» 

_ is allowed to enter the } spectrograph. = limiting sensitivity of of 2 x 10 g of beryllium has § met 
- Conventional d.c. arc techniques, in which the sample i is placed on the anode and light § He 
from all the gap is admitted to the spectrograph have also been described.-15 Thallium § wh 
“ was used as internal standard i in both these methods, and Landis and Coons** claimed that, by me 
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[Ss ar | the range 0-002 to 0-1 wg of beryllium. Another dc are technique is the “iron-flux” method § |" 
oy a. used by Garton, Webb and Sayer," who cov 0-005 to 4 ug of beryllium with a § sr 


able to detect 0-002 ug of beryllium with a copper spark. Davis, Parker and Webb™® used wit: 
a condensed spark between graphite electrodes, on one of which the sample, collected on a a 


Tam 

icles § paper pad, was glued; with a direct-reading spectrograph, these workers were able to detect _ 

Ipha ff 0-003 ug of beryllium. Aluminium was used as internal standard, saaemned — 

-ray solution being placed on the pad (by pipette) before sparking. 3 

TABLE il 


and SUMMARY OF METHODS FOR DETERMINING IMPURITIES -BERY LLIUM AND ITS COMPOUNDS 


lum, 
hods Oxy; gen (as BeO) in Be 40-01 per cent., as BeO 
S for ay 94, bitte Micro vacuum fusion; coefficient of variation 
ful if is tes 15 to 20 per cent. at 0-01 per cent. level 


Helium and tritium, in usion andextraction = 


ysis Free carbonin Be [| Solution, ignition and gasometric finish 
/pon- |Combined carbon in Be =. wh Solution and gasometric finish == 

ast 28 Fluorine in Be . at 100° Absorptiometric method atl 
oride 


Chiorine in BeO and Be 
Combined nitrogen in Be .. 103 Chemical method (Kjeldahl) 
Beryllium oxide in BeF, 05 Chemical method 
Fluorine in Be compounds 108 Chemical method 
Various metals i in 108, 109, 110 Spectrographic methods pits 
Copperin Be .. 111, 112,113 Absorptiometric methods 


Iron in Be _ Abso tiometric methods 

sults Nickelin Be 129, 123, 124 Absorptiometric and volumetric methods 

nsure Uranium in Be. 127, 128 ray fluorescence spectroscopy an yt; 
aphic § Silicon in Be 129 Absorptiometric method 
n do Free Be and carbide-C in Be 130, Chemical methods 

ibed [fon in Be compounds 132 Chemical methods 
f Various impuritiesin Be .. .. 188 Activation analysis 
ribed used a porous-cup - spark technique in which the sample was fed into the discharge by | ap 
ria, percolation through the thin base of a hollow graphite electrode. A closely allied technique — ; 

been @ is the rotating- -disc method in which the lower electrode is a rotating disc of graphite partly 
noni- § immersed in the sample solution. This has been used by Smith and his co-workers'®! and by 
ty off the U.K. Atomic Energy Authori ty. The latter workers. used scandium as internal | 
hode- @ standard and, by choosing various beryllium and scandium lines, covered the range 0-03 
thode§ Since air and smear samples are usually collected on ‘filter-paper, 1 most of the techniques 
n has | above involve considerable chemical pre-treatment, such as wet ashing and separa- 
I tion of interfering elements. Since these determinations are most usually carried out for . 

light § Health Physics purposes, it seems to us that speed is more important than accuracy, especially os : 
lium | when ‘ ‘spills”’ give rise to suspected contamination. Accordingly, in these laboratories, a 
at, by smear- and air-sample analyses are carried out by a modification of the method described by —_— > 
| over § Davis, Parker and Webb," in which the filter-paper samples are glued to graphite electrodes ats = 
ethod § 10 mm in diameter. A pulsed- arc discharge is used, with the sample as cathode and a blunt _ ae 
vith a § graphite anode 6 mm in diameter; the gap is 4mm. Results are reported in the range 


|<0-01 to beryllium making visual comparison with standards by 
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trodes is maintained, a batch of twenty samples can be processed by one operator in about9) y 

_ minutes. The main disadvantage of the method is that results may vary appreciably with Boe: 
different physical forms and chemical compositions of the beryllium contamination. How- a - 

: ever, as the biological effects vary far more with the particle size and chemical state of the This 1 
beryllium, the method is regarded as acceptable for Health Physics control. The e speed of the the Yn 
‘method i is invaluable in assessing the spread of contamination aftera “spill.” = = | a 
Churchill and Gillieson™® introduced a technique for the continuous monitoring of air Pe. 

for beryllium by drawing a constant flow of air across a spark gap. The light from me spark 

was dispersed by a grating monochromator set for the beryllium doublet at 3130 A and was 

continuously recorded by means of a photomultiplier, d.c. amplifier and circular-chart recorder. 

_ An improved version of this monitor has been described™ in which integration over a 
short time was used rather than continuous recording. “Other refinements were higher 
dispersion to improve sensitivity, background correction and ‘periodic standardisation 
(involving a discharge between beryllium - copper electrodes to generate particles of beryllium 
oxide). It was claimed that, by re-designing the spark gap and using a pulsed-arc discharge 
axially in the air stream, rather than a condensed spark across it, results were independent of 
the particle size and chemical composition of the beryllium aerosol. A similar instrument is 
__ being constructed in these laboratories. Here, very high dispersion i is used, since it has been 
found that titanium interferes if the monochromator “‘window”’ is set to admit both lines of 
_ the beryllium doublet at 3130 a. Our monochromator has a band pass of 0-1 A, sufficient to 
resolve one beryllium line from titanium. _ A number of the refinements made by Webb, Webb 
_and Wildy™ have been omitted, since we require specificity and sensitivity to changes in 
concentration, rather than absolute accuracy. _ Recently, commercially constructed auto- 

- matic monitors have become available. One of these is based on the rotating-disc tech- 

- nique’* and will automatically process up to sixty samples at the rate of six per hour . The 
other! involves a a filter tape that is directly excited in a spark, ‘providing ; a result every 


Determination of traces of impurities in beryllium and its compounds—Over the last two 
decades, the requirements for determining impurities in beryllium and its compounds 
have varied as pure forms of beryllium have become available. Arc methods are used almost 
exclusively ; in general, all samples are converted to beryllium oxide before arcing. A typical 
early example is the method described by Lee Smith and Fassel,45? who used a 16-amp arc 
and a barium hydroxide - graphite mixture as a “‘spectroscopic buffer” for determining alu- 
_minium, calcium, chromium, iron, magnesium, manganese and silicon, mostly i in the range 
_ The carrier-distillation method originally developed for determining impurities in 
uranium! has been used for determining silver, cadmium, molybdenum, lead, zinc, lithium 
and calcium,? but the limits of detection were not stated. With lanthanum as carrier, 
-Zaidel and his co- -workers!® detected gadolinium, europium and samarium in beryllium down 
to0lp.p.m. Zaidel and others!88 have also described an interesting method for determining 
very small amounts of boron in beryllium oxide. _ A 30-mg sample of oxide is heated im vacuo | 
and volatile impurities are collected on a copper electrode, which is then sparked. ~~ 
Recently, Karabash and his co-workers” have described a chemico-spectrographic method 
for determining twenty-five elements as impurities in beryllium and beryllium oxide. The | 
sample (2 g) is converted to basic beryllium acetate and is then extracted with chloroform 
until about 5 per cent. of the beryllium remains in the aqueous layer, which is then separated, 
evaporated to dryness and converted to oxide. The oxide is then arced in a graphite cup at 
12 amps. limits are given — 


p.p.m.forZn, 
p-p-m.forCaandAl, 
. for Ba, Ti, Fe, Sb, Te, In and Tl, 
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. for V, Cr, Bi and Ga, kr 
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in X-ray techniques are considered for analytical problems in the beryllium ‘field, ; 
the most notable factor is the very low absorption and scattering of X-rays by beryllium atoms. ps ' 
This means that the sensitivity of detection of beryllium metal is poor. . On the other hand, — _ 
the sensitivity of detection of impurities in isin’? metal is fairly high, particularly if thick _ 


that this technique will give results for total oxygen in persian if the Setaliangoal history 
| of the sample is such as to favour reasonable crystallite size for the beryllium oxide. 
_ X-ray fluorescence methods for many ir impurities are also feasible and are very sen 


tick Qualitatively, chromium, copper, iron, lead, manganese, nickel, vanadium, zinc and zirconium i ; 
lem | have been detected!* in MTR shim a: uranium was estimated at the 500 p.p.m. level. At 
arge BP present, we are examining a method for ‘determining i iron in beryllium and in beryllium oxide. — 

of It i extend this to to other » chromium, 


sof ff Mass spectrometry is not generally applicable to the determination of beryllium, since — 
t to. beryl and most of its compounds are insufficiently volatile for application of the usual — 
ebb i cas-phase techniques. The use of stable-isotope dilution methods involving solid sources 
Sm § has not been reported, perhaps because of the difficulty of obtaining supplies of beryllium-10. 
uto- § However, mass spectrometry in conjunction with vacuum fusion has been used in — 
ech- § Canada and in England® for determining gases formed in beryllium by (, 2m) reactions; 

The § the gases found were “He, *He, *H, and 3H,. The British workers found a large and th 


adsorbed on the or to radiolysis of water ‘acceded in the ‘specimens 
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ic Me easur of T Theaflavins and 

earubigins in Black Tea Liquors in in Assessments 


3y E. A. H. ROBERTS 
Undian Tea Associaton, Wharf, London, S.E. 
(The Laboratories, J. Lyons Co. Lid., Kensington, London, WwW. 


a; The theaflavins and thearubigins formed as a result of enzymic oxidations _ ne 


of polyphenols during the fermentation process in tea manufacture determine 
the colour of a tea liquor and are associated with some of the other liquor © ale : , 
_ characters recognised by tea tasters. A spectrophotometric method for 
determining theaflavin is described. This method also yields an approxima- ‘ie oa! 
_ tion of the total thearubigin content, and the ratio of optical-density values =” Sap pur 
_ for thearubigins at 380 and 460 mp provides a further parameter giving an ry 
indication of w whether lightly or or deeply coloured thearubigins predominate. em St 375 
i As a result of the fermentation process in tea manufacture the liquor of black tea develops 
certain characters not present in green or unfermented teas. _ Among the terms used by| as) 
_ tasters to describe these characters are colour, strength, quality and briskness. It has been §!®' 
_ shown that these characters, measured organoleptically, are influenced by the extent to 
> “which fermentation has taken place, and, further, that colour and strength are correlated 
_ with the polyphenol oxidase activity and total polyphenol content of the plucked shoots 
from which the tea was manufactured.!2 It follows that some, at least, of the liquor charac- 
ters of a black tea are due to the presence of polyphenolic enzymic oxidation products. 
_. The main polyphenolic oxidation products found in black tea extracts are the 


-thearubigins. 3,4 These are a complex mixture of substances derived largely, if not entirely, § of; 
two parent substances, l-epigallocatechin and its gallic acid ester. These substances an 


‘ate not polymers, as previously thought, in fact they are probably mainly dimeric. They 
have fairly strongly acidic properties and in tea liquors considerable proportions | of them 
_ are present as potassium and calcium salts. Although no pure substances have been isolated 
~ from the thearubigin mixture, some separation into fractions has been achieved. S I and 
_ S$ II fractions differ in their solubility relationships and in their chromatographic behaviour? 
The absorption spectrum of the S II fraction is similar to that of the S I fraction; it never- 
_ theless shows significantly greater absorption in the visible region, but not in the ultra- 
The other oxidation products detected in black tea include theaflavin and theaflavin | 
§ gallate, a bis-flavanol and its mono- and di-galloyl esters and several trace substances.® * § | 
_ The theaflavin and theaflavin gallate have been isolated as pure substances and rather | 
tentative structures have been suggested. The bis-flavanols show a single absorption band | 
- (Amax. = 280 my) and contribute nothing towards the colour. Contributions by the trace 
Substances my ted disregarded, so that ‘colour in tea liquors ‘may | be considered as due to 
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February, 1961) OF THEAFLAVINS AND. THEARUBIGINS IN BLACK TEA LIQUORS Ba: 


theaflavins and thearubigins alone. Determination of these two groups of substances . - 
therefore give a precise method of measuring the colour of a tea liquor, and such measurements ae ~d 
might also be expected to be correlated with some of the other liquor characters. 
_ The method developed for determining theaflavins and thearubigins depends on 1 the 

fact that the theaflavins are almost quantitatively extracted from a tos liquor by one = 


extracted by acetate or ketone are soluble in aqueous sodium 
carbonate, whereas the theaflavins are insoluble. Complete separation of theaflavins and ee 
thearubigins is therefore effected by shaking the ethyl acetate or isobutyl methyl ketone — 
extract with aqueous sodium hydrogen carbonate, 
___ Theaflavin and its gallate have well defined absorption 1 maxima at 380 and 460 mp5 8 
Either of these wavelengths is suitable for direct spectrophotometry in the extract washed 
with sodium hydrogen carbonate, as no other substances are present that absorb at these 
wavelengths. The fall in optical density, which results from the washing with sodium 
hydrogen carbonate, affords a method of determining the extractable thearubigins. _ a 

__ Direct spectrophotometric determination of residual thearubigins in the aqueous layer 
after extraction with ethyl acetate or isobutyl methyl ketone is not possible, as a high pro- + 
portion of the thearubigin molecules is present as anions, which are more deeply coloured oe 


than the free acids. Addition of excess of aqueous oxalic acid reduces the colour intensity Pe ™ 


to that =e the free acids, and spectrophotometry i is possible after this acidification. — joes 


is decanted into a cup. This method was not for 
a and it was necessary to ‘modify it; the modified method is described below. ae 


Weigh 9 g of tea into a 500-ml Erlenmeyer flask placed on a boiling-water bath. Bring z 7 


375 ml of distilled water to the boil, and pour it on to the tea. Allow extraction to continue : 
for 10 minutes, without letting the temperature fall below 85°C. Filter through a plug of 7 


ketone, “taking care to avoid the formation of an emulsion. Allow the to 


and dilute a 4-ml portion of the isobutyl methyl ketone layer to 25 ml with ‘methanol 
(solution A). Dilute a 2-ml portion of the aqueous layer to 10 ml with water and then _ 


trace 


due to 


=, 


% ml with methanol (solution C). © 


_ Shake 25 ml of the isobutyl methyl ketone layer vigorously for 30 ) seconds with 25 _ 
of a 2-5 per cent. aqueous solution of sodium hydrogen carbonate. Allow the layers to separate, 


and discard the aqueous layer. Dilute 4 ml of the washed methyl layer 1 to 


_ Add 2 ml of a saturated aqueous solution of oxalic acid and 6 ml of water to a 2 ml 


dilute to 265ml with methanol (solution 


por tion of the aqueous layer left from the first extraction with isobutyl methyl ketone, and  (y 


___ Measure the optical densities, E,, Ey, Ey and Ep, of solutions A, B, C and D, respectively, oe 


in 1-cm cells at 380 and 460 mp with a Unicam SP500 or similar spectrophotometer. se 
: NotErs—The two layers obtained from a 1 + 1 mixture of isobutyl methyl ketone and water 
are nearly equal in volume. With isobutyl methyl ketone there is no danger of the volumes of the 
layers being affected by partial saponification of the  Onganic solvent, as —* occur with — acetate, 


"In the preparation of solutions B and D from the aqueous sa ne, the first partition, it _ “ai 


essential that the methanol content should not exceed 60 per cent. otherwise a cloudiness may develop, 


_ If the sodium hydrogen carbonate contains more than a small amount of sodium carbonate, 
Geihioan may be lost by alkaline autoxidation during washing of the isobutyl methyl ketone extract. 
Analytical-reagent grade sodium hydrogen carbonate should therefore be used, and the solution 

_ should be freshly — To minimise the possibility of losses _— saeaeaneaai the _— of shaking 


fol. 86 
a State 
d, 1980 
— 
: 

7 
of 
— 
¢ 
4 

velops — 
ed by 
elated — 
shoots 
harac- | 
tirely, 
tances 
them 

olated a 
I and 4 
viour.’ 
flavin 
rather 


TROPHOTOMETRIC MEASUREMENTS 86 


must be as as s possible, and one layer should be completely ‘removed from the o 
- oti after they have separated. Under normal conditions ectation Cc is | stable, but the ‘Measurement of 
its optical density should not be delayed. 


__ In routine determinations of theaflavin and thearebigins no use is s made of the E, values. How. 
ever, the he Es /Ep ratio h has a a particular — which will be referred to in subsequent publications. 


Brit ‘There i is always contideitite more ‘theaflavin gallate than theaflavin in a oie so that 


little error will be introduced by expressing total theaflavins as theaflavin 
y __ The optical densities, E,, at 380 and 460 my are converted into a percentage of paren Es 
-€ theaflavin gallate by multiplying by the factors 2-25 and 6-69, respectively. These factors 

__ are applicable only when the conditions of extraction, partition and spectrophotometry are 
as described above, and are calculated from the optical-density values for theaflavin gallate 
shown in Table I. It is assumed that the theaflavin gallate used for standardisation purposes 


the dihydrate of molecular weight 803-7. 
_-—s Norz—The ratio of optical densities at 380 and 460 mp should be 2-98 to 1. If the ratio is 
a appreciably greater than this, incomplete removal of thearubigins by sodium hydrogen carbonate is 
* indicated. A lower value would suggest that the ratio of theaflavin to theaflavin enareeree) was gant 


; - _ Any factor for converting optical density into a percentage of thearubigin must be 
- somewhat arbitrary, as we are dealing with a variable and rather complex mixture of sub-— 


_ stances, none of which has been isolated in a pure state. A further complication is i introduced | 
by the uncertainty as to the degree of hydration of the thearubigins. 
_” It is apparent from Table I that the optical densities for the S I and S II fractions 
- differ appreciably at 460 my, but do not differ much from each other at 380mp. The 
average value of Ey%* at 380 my for the two fractions is 0-733. ype densities at 380 mu 
obtained for these two fractions with four other teas were— 


Optical density of S II fraction . 0-734 0- 796 0- 720 0- 

‘The acceptance of 0-733 as an average value of Eye” at t 380 my for total thearubigins 

‘is therefore unlikely to lead to any considerable error, and, if this average value is assumed, 

actable thearubigins in a tea is, for the conditions of extraction, 

partition and ‘spectrophotometry described peed , approximately 7-06 (2E, + E, — E,). 

The results must be accepted with certain reservations, but alien are of the expected order 


THE | RATIO FOR THEARUBIGINS— 


ratio of the values for E, — - Eg: at 380 and 460 my teas hes 
“ 36 to 8-2. This indicates that the mixture of thearubigins in teas is by no means 
constant. If it is assumed that thearubigins have approximately the same optical densities 
at 380 my, the variation in this ratio gives some indication of the average intensity of colour 
(at 460 my) of the thearubigins. A high ratio implies relatively light colour, and a low 
ratio a correspondingly deeper colour. _ As will be apparent from Table I, the more e deeply 
coloured S II fraction has a lower ratio than the corresponding S I fraction. y 


EY VALUES FOR THEAFLAVIN, THEAFLAVIN: GALLATE AND 


The absorption s spectra of the theaflavins and the thearubigin iestions were plotted | om 


over the range 220 to 600 mu. The resulting absorption curves and a densities — 


at _certain wavelengths | have been published 


ual 


Theaflavin gallate +225 0-747 2-98 


3 _ ROBERTS AND SMITH: S Feb 
Fae 
— 

| 
whe 
me: 
con 

pra 
con 
< 

_ 

— a 

ie in 
a 

t o! 

d 

= 
7 
0 


OF: THEAFLAVINS AND THEARUBIGINS 
+ This ratio is a useful extra parameter in rene the thearubigins of a tea, for oe 


theariigh content is not necessarily proportional | to depth of colour, particularly : lias the the 


tions, With nearly all Assam teas this ratio falls between 3-6 and 4-4 (average 4-0). A rough 
~* [estimate of the percentage of thearubigin in such teas is given by 4 x 7-06 (2E, + 2. = Eo) é 
when optical densities are measured at 460 my. In the earlier stages of this investigation 


) that | measurements were carried out at 460 my only, but, so long as the teas originated from 
_  f Assam, the optical densities could be used to give an fre aca of their thearubigin — 

allate M Many commercial and experimentally manufactured teas have been analysed by the 
‘poses | proposed procedure and detailed results will be reported elsewhere. Typical results are 


ace considered below. Those in Table II give some idea of the range of eae obtained. ne 
greater 


alclienog: REPRESENTATIVE ANALYSES OF COMMERCIAL TEAS Motos 


F ra _Thearubigin contents in brackets were calculated from optical densities at 460 my. —. 
ist be Sample eontent, content, io  Paster’s sremarks 
ctions Poor quality (C) . +36 at Fi 1) AY Coloury, dull, common 
30 mu Assam B.P. grade (CTC) .. 16-7 (8-64 bright, golden 
Duars (Legg cut). 47 4657 _Hard, bright colour, with 
grade (C) 092 _ 6 8- Bright, golden 4 


varied §  #The thearubigin content of a tea is always considerably higher than the theaflavin ¥, 


means content, but, as theaflavins are much more intensely coloured (see Table I), their contribution __ 
nsities — to total colour ey decidedly significant one. In assessing tone of colour, the taster is  __ 
colour | influenced more by the theaflavin content than the thearubigin content, and in conventionally rae 
a low | manufactured teas the preferred liquor colours are associated with theaflavin contents of | 
_ Conventional methods of in N.E. India, 
been replaced by other methods (C.T.C. and Legg cut) in which the leaf receives a more _ 
thorough bruising, resulting in a quicker and more extensive fermentation. Analyses of 
such teas show increased theaflavin and thearubigin contents and an increase in the ratio — 
of theaflavin to thearubigin. This accounts for the increased “brightness” and greater 
of colour normally “associated with these n methods of manufacture. 
Table Il also shows the different ratios. obtained for _thearubigins. These 
are lowest in teas originating from N.E. India. eli bed hex 
_ Theaflavin and thearubigin contents are also affected by fermentation conditions, as 
indicated in Table III. It will be noted that the theaflavin content reaches a maximum _ 
level comparatively early in the fermentation process, and that, in the later stages of a 2 
mentation, thearubigin contents increase slowly at the expense of the theaflavins. As . a 
liquor characters of strength, , briskness and quality are affected by variations in the duration - 
of fermentation,! it is considered probable that these particular orgy ones are determined, er 
to some extent at least, by the theaflavin an and thearubigin contents. Tas BORE 
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_ EFFECT OF DURATION OF FERMENTATION ON THEAFLAVIN ‘ie Sree 


THEARUBIGIN CONTENTS OF C.T.C. MANUFACTURED TEAS 
“ 


thiu 
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rem 


Bach re result i is an average from | six x separate ho sian 
We : are of the opinion that the measurement of theaflavins and thearubigins, coupled 
"with the neo ratio for thearubigins, represents the best available method for determining 
- colour in tea liquors. In view of the probable association of these variables with other liquor 


7 _ characters, it might be thought that these methods would serve as a basis for a chemical § The 
evaluation of the market value of a tea. This, however, is too optimistic a view. _ Quality the 
— in tea is not determined by polyphenolic oxidation products alone, for there are other im-§ 
_ portant factors, among which caffeine and the volatile substances responsible for aroma 
fa be mentioned. Market valuations are also affected by such factors as appearance and § and 
_ keeping properties on storage. The replacement of traditional methods of tea tasting by § orig 
Sen analysis is not yet therefore in sight, but it is claimed that the methods described 
above should prove extremely useful in supplementing a taster’s report. Analytical results,f§ 
--- a taster’s evaluation, are not affected by market fluctuations, and are much more J Rr 
suitable when it is desirable to maintain records of the properties of teas manufactured. _ 
_ The analytical method may also be expected to be ait tad as a means of control during - 
aa We thank the salen Tea Association (London) rt Messrs. ix Lyons & Co. Ltd. for nm 
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Volumetric Determination of | Dixanthogen | Pi 
ce 
» (Department of Inorganic and Physical Indian Institute of Science, 
_ it is based on the quantitative reaction of dixanthogen with potassium cyanide su 
to form xanthogen monosulphide and potassium thiocyanate. Xanthogen Te 
-monosulphide and the excess of cyanide are removed, and the thiocyanate in so 
is determined iodimetrically after conversion to cyanogen bromide. The ce 
method. is applicable to the determination of dixanthogen in mixtures also al 
DurinG work on the kinetics of the oxidation of xanthate to dixanthogen, it was necessary § + 
to determine the dixanthogen formed by the reaction. A search of the literature for aj ‘ 
_ suitable method was unsuccessful, and attempts were, therefore, made to determine dixan- s] 
by utilising the reaction reported by Whitby and Greenberg. According to these# ~ 
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| dixanthogen is obtained as a yellow oil [sulphur found (Carius method), 42: -39 per cent.; 


| iodide and then a little sodium hydrogen carbonate, insert a stopper in the neck of the flask, 


1961) DETERMINATION OF DIXANTHOGEN 
workers, potassium cyanide reacts with dixanthogen to form xanthogen ewig spre and 2 


alkali ali thiocyanate, the reaction byt the equation— 


R + KCN KSCN + R 


A similar has recently been used by Chatter} ee, Banerj ee and to 
shinreidiealnt, but their method of determination is complicated. _ We have simplified | 
this determination by adopting Schulek’s method® for determining thiocyanate (after the 
removal of xanthogen monosulphide and the excess of cyanide). In this method, thio- ra 
cyanate is allowed to react bromine to form cyanogen in 


rt 
at J 4Br, + 4H,0 ——> CNBr + 7Br- + + 


The is then to react with potassium jodide to liberate iodine, 
the reaction being represented by the equation i 


and this iodine is titrated with standard thiosulphate s solution ; i amount : of -dixanthogen 


Potassium cyanide Solution, 2 per cent. w/v. 
Ammonium. nitrate solution, 10 per cent. w/v. aig 
Bromine water, 5 per cont, w/v. UR 


“ -Orthophosphoric acid, 17 per cent.—Dilute 1 volume of per cent. orthophosphoric 


Xanthates—Prepare potassium isopropyl-, n-butyl- and isopentylxanthate by Foster’ 
method,‘ and purify as described by Dewitt and Roper.® The purity of the xanthates so. 
prepared is greater than 99 per cent. as determined by the iodine method.® je 


-Di-n-butyl dixanthogen solution—Oxidise a concentrated aqueous solution of n-butyl-_ 
xanthate by adding a concentrated solution of iodine, as described | by ‘Whitby and Green-— 
berg.1 Extract the dixanthogen formed with light petroleum (boiling » range 40° to 60°C), 
and evaporate the extract at room temperature by means of a current of air. Di-n- butyl 


Cy9H,,0.S, requires 42-98 per cent. of sulphur]. Prepare a 1 to 1-5 per cent. w/v solution — 
Place 10 ml of di-n- butyl dixanthogen sobutiog 3 in a conical flask, and add 5 ml of 10 per ~) 
cent. ammonium nitrate solution, 10 ml of 2 per cent. potassium cyanide solution and 10 ml es 
of acetone. Heat the mixture at 40° to 50°C for about 25 minutes in a fume cupboard © 4 : 
to ensure that the reaction between dixanthogen and cyanide is complete. Cool, transfer — 
to a separating funnel, and shake well with 15 ml of benzene to extract the xanthogen mono- - Se 
sulphide formed; repeat the extraction with a further 15 ml of benzene to ensure complete => 
removal of the monosulphide (this is judged by the disappearance of the yellow colour of the - 
solution). _ Transfer the aqueous solution to the original conical flask, add 10 ml of 17 per 
cent. orthophosphoric acid, and heat on a bath of boiling water in a fume cupboard for 
1 Cool the solution, and add bromine water dropwise until a yellow cc colour stable for at ~ 
least 5 minutes is obtained. _ Remove the excess of bromine by adding small amounts of 
ferrous sulphate, with stirring, until the yellow colour disappears. Add 3g of potassium S ; 
shake well , and set aside in the dark for 10 minutes. Titrate the liberated _— coal . 
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Solutions di- -n- -butyl 


the results, which show that good * 
Dixanthogen present, g 1397 0-1397 0-1397 0-1397 00-1185 0- 1185 0-1011 0O- 1011 


= 1409 0-1402 0-1402 0-1395 0-1188 0-1180 0-1010 0-1008. 
0- 0012 0-0005 00005 —0-0002 0-0003 —0- -0-0001 —0-0003 


_ verting potassium cyanide to hydrocyanic acid, which can be easily removed by boiling. 
_ Further, since orthophosphoric acid is a weak acid, the cyanogen bromide formed is stable 
_ in the solution. Also, orthophosphoric acid combines with the yellow ferric ions, thereby 
Removal of dixanthogen monosulphide from the solution is essential or the titration § 
= | of the liberated iodine will be unreliable. The use of ammonium nitrate solution enhances § 
a the extraction of dixanthogen ‘emer by the non-aqueous solvent and so improves | 


It is well known that a xanthate is oxidised to the corresponding dixanthogen when 
, é = to the atmosphere. Further, an old or exposed sample of xanthate is invariably fan 
associated with the corresponding dixanthogen. It was, therefore, thought desirable to fb 

_ determine a dixanthogen in a mixture also containing xanthate; such mixtures were 
accordingly prepared. The xanthate was determined by Hirschkind’s method? and the 
-_dixanthogen by the proposed method. In Hirschkind’s method, the xanthate is quantita- 
tively converted (by a mineral acid) to an unstable xanthic acid, which immediately dis- 
sociates into carbon disulphide and the corresponding alcohol. The amount of xanthate 


‘present can be calculated from the amount of mineral» acid: ‘consumed. The Procedure 


Aa _ Mix 10 ml of an ethanolic solution of isopropyl- or isopentylxanthate with 10 ml 


of dixanthogen solution (in acetone) in a conical flask, and determine the xanthate by 
‘Hirschkind’s method. 7 (Use 0-05 N sulphuric acid, and determine the excess of acid 
by titration with 0-05 Nn alkali; calculate the amount of xanthate present from the acid 
consumed.) Add 15 to 20 ml of acetone to the contents of the flask to obtain a clear 
solution, and then d then determine the dixanthogen by the proposed me method. ‘ 

AMOUNTS OF XANTHATE AND DIXANTHOGEN ‘FOUND PREPARED bak 


rs Potassium isopropylxanthate and L 0-0445 0-1151, las 
di-n-butyl dixanthogen 0637 0102700 0635, 0-0635 01029, 0- 
a _ Table I shows the e results found when this method was applied to two prepared mixtures; 


it can be seen that both xanthate and eepotauiry, a0 were determined with good accuracy. = —— 


We Professor M. R. Rao keen interest in the work. 
1. Whitby, G. S., and Trans. ‘Roy. Soe. Canada, 1929, 23, 21. W. 


2. Chatterjee, P. K., Banerjee, D , and Sircar, A. ace ‘lk Sci. Ind. Res., India, 1960, —_ 18 shitet 
San Schulek, E,, anal. Chem., 1923, 62, 337, 


an _ ‘SHANKAR [Vol. 
— 0-05 sodium thiosulphate; use starch as indicator. Calculate the amount of dixanthogen 
present in the original solution from the titre (after correction for the blank value). 
‘sodium thiosulphate = 0-14925 g of di-n-butyl dixanthogen. 
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‘Hirschkind, W.. Bag. Mining J., 1996, 119, 968. ier 


Organic Compounds 30" 


table to JOHNSON anp M. A. LEONARD 
(Analytical Development Group, Standards Department, Boots Pure Drug Co. Ltd., i 


ation ethod is described for determining fluorine in organic compound 4 
ances it is on colorimetric determination of fluoride from 
roves combustion by the oxygen flask method. The determination depends on the 
formation of a blue complex between fluoride ions and the cerium!!! chelate 
wei A, of alizarin complexan. The influence of the type of glass of which | ee. 
_ combustion flask is constructed has been quantitatively 
when A spoT test involving use of the esha? complex of alizarin comp exan a: 2- vaiipataie 
ably fanthraquinon-3-ylmethylamine-NN-diacetic acid) for detecting fluoride has been described 
le to fby Belcher, Leonard and West. 1 Subsequently, these workers devised a sub-micro method | 


ifor determining fluorine in organic compounds, based on the same reaction.2 More recently, 

the theoretical basis of the method and the nature of the chelates involved have been des-- 

‘[cribed,? and the purpose of this paper is to describe the application of the principle to the s 
semi-micro determination of fluorine in organic compounds. = 


The method 1 in decomposing the sample by the flask combustion 
10 ml method, 4 a flask constructed of glass essentially free from boron and aluminium being used 
te by fisee “Results and Discussion of the Method,” p. 103), and then colorimetrically determining — 
acid fluoride in the resulting solution. In the colorimetric reaction used, fluoride does not exert — 


fits usual bleaching effect on the dye - métal complex, but itself enters the structure. — The 


clear fblue colour of the fluoride-containing complex (Apex. = 565 my) is completely distinguishable 
_ from either the yellow of the free dye (Amax. = 423 my) or the red of its cerium!!! chelate _ 
= 495 The wavelength chosen for the colorimetric determination (610 my) 

“it orresponds to the maximum difference between the of the con- 


161 _ The combustion apparatus consists of a 500-ml Erlenmeyer flask constructed of suitable — 
tet tie glass. Into the stopper is fused one end of a length of platinum wire, 1 mm in diameter, _ 
2 to the free end of which is attached a of 36-mesh platinum gauze, l-Scm x 2cm, 
tures: |. Optical densities were ‘sanlatiail in 4-cm cells with | a battery-operated ‘Unicam SP600 — 
Alizarin ‘complexan, -0005 M—Transfer 0- 385 of alizarin complexan to a 2-litre cali- 


brated flask by means of 20 ml of recently prepared 0-5 N sodium hydroxide, and set aside 

for 5 minutes, with occasional swirling, to ensure complete solution. Dilute to about 1500 ml — y~ 

with water, add 0-2 g of hydrated sodium acetate, and adjust the pH to about 5 (thin layer aoe 

of solution pink) by careful addition of 1 N hydrochloric acid. Dilute to the pl and and filter 7 

Jinto a brown-glass bottle. This solution is stable for at least 4 months. 
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JOHNSON AND LEONARD: THE SEMI-MICRO DETERMINA 86 
— Cerous nitrate, 0-0005 m—Standardise approximately 0-02 m cerous nitrate by titration 
; against standard ethylenediaminetetra-acetic acid solution at pH 6 with xylenol orange as 
indicator. To a suitable volume of this solution (about 50 ml) add 0-2 ml of concentrated 
nitric acid, 0-1 g of hydroxylamine hydrochloride and sufficient water to produce 2 Eres, 
ar buffer » solution, pH 4-6—Dissolve 150g of hydrated sodium acetate in about 
— 600 ml of water, add 75 ml of glacial acetic acid, dilute to 1 litre with water, and filter. © 

_ Standard fluoride solution, 5 wg per ml—Dissolve about 22 mg (accurately weighed) of 
dried analytical-reagent grade sodium fluoride in water, and adjust the volume to 2 ace 


In each of a series of 100-ml calibrated flasks place 50 ml of distilled water, an ciniuiids 
_ measured volume between 2 and 8 ml of standard fluoride solution, 10 ml of alizarin complexan § 
- solution and 3 ml of acetate buffer solution. Mix each solution thoroughly, add 10 ml off 
_ 0-0005 M cerous nitrate, dilute to the mark with distilled water, and set aside, protected from 
direct light, for 1 hour. At the same time, prepare a blank solution in similar fashion by 
omitting the standard fluoride solution. Measure the optical densities of the test solutions | 

- against the blank i in 4-cm cells at 610 my, and plot a graph of of optical density a against am amount 


| 


| _ Accurately: weigh an an appropriate amount of the sample (5 to 25 mg) on a strip of filter- 


e eo 


paper approximately 3 cm x 4cm (Whatman No. 1 grade is suitable) that has been folded § 
into three along its length. Enclose the sample in the paper, insert a narrow strip of filter- 
Paper to act as a fuse, and fix it in the platinum-gauze sample holder. Place 20 ml of water 
in the combustion flask, fill the flask with oxygen, ignite the fuse, and immediately insert | 
the stopper. | Carefully tilt the flask, and, , when combustion is complete, set it aside for 
10 minutes, with intermittent shaking. - Quantitatively transfer the liquid to a 250-ml 
calibrated flask, , dilute to the mark, and treat an aliquot expected to contain about 25 HE 
bration Graph.” At the same time, prepare a standard colour from 5 ml of standard fluoride 
solution to serve as a check on the calibration graph. 
__ Liquid samples can be satisfactorily decomposed by burning in a small gelatin or, 
preferably, methylcellulose capsule containing approximately ' 30 mg of powdered cellulose. 
aw For solutions derived from the combustion of sulphur-containing compounds, boil gently 

for about 10 seconds with 1 ml of 100-volume hydrogen peroxide, neutralise to phenolphthalein 

with 1 N sodium hydroxide, and then add 1 ml in excess; boil to ) destroy eS of —— 


_and adjust the pH t to about 4 with IN N hydrochloric acid. 


rele 


Aqui qualitative survey of ions likely to interfere with the reaction has already been carried * 


out.1 The results of a quantitative evaluation of some of the more common of these ions} 
are shown i in Table I, from which it can be seen that aluminium and iron cause serious inter- § obt 

4 Tons likely to be present as a result of the oxygen flask method of combustion of} r 
organic compounds exert a negligible effect, with the exception of pen. 5 interference 

from which becomes significant if a large excess is } present. 


_ INFLUENCE OF SELECTED IONS ON DETERMINATION OF FLUORIDE 


Amount of ion causing 10 per cent. Mole ratio of 
decrease in colour produced by interfering ion 


a 26 wg of fluoride, pg to fluoride 

Phosphate 


Ferric iron forms a violet chelate that ‘absorbs. at 610 mp and hence 
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ration Calibration gr graphs "prepared as described above are. linear over the range 10 to 30 ‘. 


of fluoride, but above this range the sensitivity decreases, owing to the smaller excess of ss 
ireagent. For this reason, test solutions should contain about 25 yg of fluoride. The slope a 
of the calibration graph is positive, in contrast to those obtained by conventional ete 
methods, and the sensitivity is such that 1 wg of fluorine causes a change in optical density 
of about 0-014. — ‘This sensitivity is inversely affected by the concentration of acetate . 
ithe buffer solution. — However, a decrease in the concentration of the buffer, although it 
increases the sensitivity, impairs the reproducibility, $= = 


FLUORINE FOUND E BY PROPOSED METHOD AFTER COMBUSTION IN = 


Sample Ae deter- fluorine content mination* mean fluorine 
_CF,-C,H,-COOH renalyti 


50-mlf/  Polytetrafluoroethylene, (CF,),, 76-0 758 80 
25 pg 9 Research compound, C,F;H, vn 56-12 Bait (65:30 
(15 1-Fluoro-2,4-dinitrobenzene, C HONE 


Research compound, CF,CICHCI, .. A 22-45 96 a 127 058 
* Calculated from the expression S = VEGIR = & — y)?/(m — 1), in which # is the result of anindividual __ 


The proposed method has been applied to a wide range of compounds, and the results — - 
obtained (with the use of a silica flask for combustion) are shown in Table II. Most of these _ . 
results were satisfactory, but certain of compounds gave low results. Sample 


| COMPARISON. ‘BETWEEN RESULTS FOR FLUORINE AFTER COMBUSTION I 


je ) tole, Theoretical Sid 


fluorine silica b boron-free- -glass* borosilicate-glass 
‘Triamcinolone 481 4-81 4: 19 4- “6S 
Hydroflumethiazide .. “It 200 : 16- 71 
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‘cision of the results obtained by the flask method points to complete combustion. 7 


Nos. 12 and 17 were volatile and non-inflammable. 


__ It was noted in the initial stages of this work that the use of borosilicate- glass combustion 
‘flasks gave consistently low results. Combustions were subsequently carried out in silica 
and in boron-free-glass flasks, and some comparative results are shown in Table III. It] 


‘is considered that boron-free- -glass flasks are suitable for routine determinations, although the 


pas due to the presence of a small seme of aluminium and is consistent with Rogers ; 

- Our work has confirmed Rogers and Yasuda’s contention that decomposition of the 
-CF;, group by flask combustion is complete; we have not found it necessary to use oxidation 
aids, such as sodium peroxide,* potassium c chlorate? or potassium nitrate. 


We thank Dr. A. M. G. Macdonald of Birmingham U University for supplying a smneel of tl 
of the research 1 compounds listed in Table II. 
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By S. E.DREWES 


(Paint I ndustries’ Research Institute, University of Natal, , Durban, “South A tfrica) J 
An amperometric method for analysing lead tannate and related com- 
plexes is described. The method is based on a reversal of the normal smpero- oa 
metric procedure, an aqueous ethanolic suspension of the complex being — m 
titrated with dilute nitric acid. | The results agree well with those by the 
standard gravimetric procedure. The analysis is small 


amounts of material are required. _ 


Leap tannate, prepared from the reaction of acetate with black wattle (A cacia m 
Willd) tannin, has been examined in this laboratory as a possible pigment for primer paints. 
It was therefore important to determine with accuracy the lead content of thiscomplex. _ 
_ When a water-soluble lead salt is analysed amperometrically, lead ions are removed from | 

_ solution by precipitation’; a plot of current against volume of precipitant added yields an 
L-shaped graph. Since lead tannate is insoluble in water and cannot be analysed by this 
procedure, it was thought that a reversal of the method might yield results. Thus, if lead 
tannate were suspended in an aqueous solution and lead ions, instead of being removed from 
the solution, were liberated by the action of dilute nitric acid, then (7) the diffusion current 
should i increase linearly with the increase in concentration of lead ions, (it) when all the lead 
tannate has been decomposed (i.e., at the equivalence point), the concentration of the lead 
ions, and hence also the diffusion current, should remain constant and (##) a plot of current 
- against volume of nitric acid added should give an inverted L-shaped graph. — Mass 
_ The experimental results completely substantiated these predictions, and, to check . ‘the 
Bscoigs | of the method, , two reference compounds (lead catecholate and lead pyrogallolate) 


> 


fi The Analysi is of f Lead Tannate and Related Chelates b y 


A manual polarograph and the conventional ancillary apparatus are used. Since a 


« relatively mas volume * acid is necessary fi for r complete decomposition of the complexes, the 
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February, 196 RELATED | CHELATES BY AN -AMPEROMETRIC METHOD 


dilution n effect is corrected for by multiplying the measured values of the — by ‘te ie at 


» where V denotes the original volume of the solution titrated and v the volume o onl 
reagent aii. at any point. Reaction is complete when the diffusion current becomes con- 
ae. in practice, there is a slight decrease in the observed values, owing to the dilution effect. _ 
te: Prepare the chelate by adding an excess of lead acetate solution | to an aqueous solution ij a 
of the phenol. Separate the resulting precipitate by filtration, and dry under vacuum, at va 
Accurately weigh between 0-2 and 0-3 g of the dried lead complex, and suspend in a mixture of 
20 ml of water and 5 ml of ethanol in a 150-ml beaker. Set up the standard apparatus for an ae = 
amperometric determination, and bubble nitrogen through the solution for 10 minutes. tet 
Adjust the capillary to give 3 to 5 drops of mercury per second, and wry a potential of 
—1-2 or —1-0 volt against the saturated-calomelelectrode, 
_ Run in approximately 0-2 Nn nitric acid from a burette in 0-1-ml portions at first and i in 
1-0-ml portions as the reaction proceeds beyond the end- “point. Stir the solution thoroughly, 
by means of the gas-inlet tube, after each addition of acid. - Plot a sight line of current — 


at the end- ) 


_ In Table I ‘results by the ei method for the lead contents of lead catecholate, 
py vagiaain and tannate are compared with those found by the standard gravimetric method; 
the range of the proposed ee. is sine: indicated. - Typical t titration curves for the three 
complexes are shown in Fig. 1. erst 


is 


be hin Fig. 43 Titration curves for lead complexes: curve A, lead 
2 hie, catecholate (66-74 per cent. of lead); curve B, lead tannate | 
(21-64 per cent. of lead) ; curve C, lead pyrogallolate (51-48 per 

i From the Ilkovic equation, the relationship i,/C, in which C is the concentration and - = 
‘Yt, the diffusion current, should be constant.2 _ It was found that, within the range 10 to 13 

pw moles of lead per litre, the diffusion current was proportional to concentration. __ 
ce a § The accuracy of the proposed method is shown by the fact that the results differ ° 

s, the slightly from those found by the standard ‘gravimetric pr 
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COMPARISON ON OF RESULTS | BY PROPOSED A} AND GRAVIMETRIC MI METHODS 


Lead t tf db 


eterminations 


by'proposed proposed method gravimetric lead 


“method (mean), > method, % content, 


pyro — C,H,(OH)O,Pb or 51-34 + 0-94 


The structure ure of lead pyrogallolate i is not known. 
of the chelates is rapid; a can be completed in less 
than 1 hour. — _ Further, only small amounts (about 0-2 g) of sample are required. There is no 
reason why the method should not be extended to the analysis of materials other than lead 
_ chelates. Experiments on litharge showed promise, and, with slight modifications, the method 


This paper is ; published by permission of the Director of the Paint Industries’ Research 

I. M., and Pan, Y. D., J. Amer. Chem. Soc., 1940, 62, 3332, shalt 
2. Kolthoff I. and Lingane, J. J., Ibdid., 1939, a, 825. 


The Separation of Vanadium and Chromium from Iron 


by Extraction | of Ferric Chloride with 
| Di-isopropyl Ether 
BY G. DEAN* AND ij. F HERRINGSHAW 
( (Chemistry De Department, Imperial College of Solence and Technology, London, S.W.7) 
ironIII js described ; it involves extraction with di-isopropy] ether from 8to9mM 
_ hydrochloric acid in the presence of sulphur dioxide. © ‘The use of sulphur atin 


omitted and obviates the uncertainty attendant upon the usual method of. e 


| reducing vanadiumY with hydrochloric acid. - Reduction of ferric iron by 
sulphur dioxide under these conditions is negligible, and 99-95 per cent. of the 
iron extracted with negligible extraction of vanadium ant chromium. 
THE extraction of ferric iron from hydrochloric acid solutions by ditsopeopyt ‘ether has been 
; 4 widely used since its introduction in 1936 by Dodson, Forney and Swift.1_ The work described 


in this paper deals primarily with the recovery of vanadium after such an extraction. ora’ 
The extraction of vanadium by di-isopropyl ether from concentrated hydrochloric acid 
a has been studied by Dodson, Forney and Swift! and, more recently, by Lingane and Meites.* 
The latter workers found that vanadium’ is largely extracted; extraction from solutions of 
vanadium!" is initially small, but increases with time as the vanadium i is oxidised to vanadium’ 
_ by peroxides photolytically formed in the ether. VanadiumV itself is Somy reduced by 


_ chloride until the two competing reactions produce astationary state 
Present of Chemistry, Dalhousie University, Halifax, Nova. Scotia, Conada. 
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> Hence, to avoid denna the vanadium must be present entirely as vanadium!V an 

‘ precautions must be taken to avoid the formation of peroxides. These precautions are 
[TE inconvenient; further, we have found the usual procedure for reducing vanadium’ to van- 
adium!Y by evaporation with hydrochloric to be unsatisfactory. on 

4 

a ail were shaken by hand in 100-ml separating funnels with equal volumes of di- Soprony) 
_ [ether for 3 minutes. The residual amounts of iron in the aqueous layers were determined — 
4 _ | absorptiometrically as the thiocyanate complex. For high concentrations of iron, the rere all 
_ obtained (see Table I) showed that the percentage of ferric iron extracted did not decrease 
s no | 2 Concentrations of acid greater than 8 M, as reported by Dodson, Forney and Swift,’ but 


lead | '¢™ained constant wer. ists concentration range 8 to 9 M in acid; this confirms the work of 


achtrieb and Conway. 4 


t Each of our ir results i is the ‘mean of three determinations 

—séoéf ferric iron, in acid, in acid, 


Our results; extraction at 20° to 25° C— 
Results of Dodson et al.1; extraction at 25° C— 


"We 
that, in 8 M pee eit ct acid, the concentration of ferric iron can be increased toa very high — 
level before any saturation of the organic phase is apparent; our results were— Te bagel 


Ferric iron initially present, mg per ml .. 108 48 54. 60 
By comparison, extraction with isobutyl ketone pentyl acetate® (the 
method for small concentrations of ferric iron) fails for concentrations greater than 15 mg of | 
ferric iron per ml if extraction is to be more than 99-90 per cent. complete. _ 1s S 
_ Extraction is complete after a very short time. The results below show the percentage - 
equal volume of di-isopropyl ether from 8 m hydrochloric acid 


containing 54 mg of ferric iron per ml, 
ft 


= 


we, 
been § of ferric iron extracted by an 


Extraction time .. 5 seconds ‘15seconds 30seconds 1 minute 2 minutes 5 minutes 10 minutes 
Ferric iron extracted, 
Some 1970 calories per mole are ‘liberated when the iron is extracted ; with ‘concentrated 
solutions, this produces an appreciable increase in temperature, which, in turn, produces Y 
slight decrease in the concentration of ferric iron in the organic ‘The 
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DEAN AND HERRINGSH Ww: : THE SEPARATION OF sob [Vol. 86 
The amount of ferric iron ‘alii from 8 M hydrochloric acid containing g 54 mg of ferric a 
F iron per ml was found to be independent of the presence of hydrogen peroxide (0-2 N) and § Id: 

orthophosphoric acid (M) ar and was increased to 99-98 per cent. by tl ae a6 sania of 5 © mg per ml §° 

or th 


In confirmation of Dodson, Forney and | ‘Swift’ 's work, extraction of chromium! ~ 
from 0-8 M chromium!" chloride in 8 to 9 hydrochloric acid in the absence of iron was found 
1 to be less than 0-005 per cent. However, in the presence of high ne of iron the 


of was enhanced ; typical values are shown on 120. Pics 


The absence of vanadium in the quinquivalent state is particularly important when large 
pers of iron and chromium are present, because the “‘salting-out”’ effect of these ions 
greatly increases the amount of vanadiumY extracted (to from 60 to 80 per cent. when the a 
solution is Miniron). To ensure the absence of vanadiumY, Lingane and Meites? recommended 


“evaporation with hydrochloric acid; in our hands this method gave incomplete reduction. _ di 


q 


_ Five-millilitre portions of a . solution 0-1915 M in vanadium (approximately 49 mg of 


than 1 ml and then almost to with successive additions of 5- and 2-ml portions of 
hydrochloric acid. The residual vanadium’ was titrated amperometrically (‘‘dead-stop” 7 
method) with 0-01 N ferrous sulphate in the presence of N sulphuric acid and 0-5 m ortho- 


? ; _ Phosphoric acid. The results are shown in Table II and are similar to > those observed red by 
> 


Description of sa sample ies percentage of total V 
Solution treated as described in text .. 11-8 
As for sample No. 2, but in presence of 400 mg of iron, as FeCl,.6H oar, eal 3° er: 
As for sample No. 2, but evaporations with hydrochloric acid repeated 6- 
As =. in presence of 0-5 ml each of sulphuric and 
S oric 1 
Kelley and Conant.* In contrast, chromium! is rapidly and to 
chromium!!! under hese conditions; after the evaporation of 50g of chromium trioxide 
with an excess of hydrochloric acid, amperometric titration with a solution of ferrous iron 
showed that less than 0-0002 per cent. of the chromium¥! remained. 
_ Moreover, evaporation of vanadium!V with hydrochloric acid in 1 the presence of large 
amounts of chromium! was sometimes found to produce small but variable amounts (0 to 
2 per cent.) of vanadium’. Parallel experiments in the absence of vanadium gave a negligible 
blank; the reason is unknown. It is clear that procedures relying on evaporation \ with tain 


chloric acid te to ) reduce vanadium are unsatisfactory. 


“a Attempts 1 to decrease the extraction of vanadiumY by complex: ation with hydrogen 
peroxide were unsuccessful. be Hydrochloric acid solutions 0-2 N in hydrogen peroxide and 

containing, as chlorides, 1-5 mg of vanadium and 48 mg of ferric iron per ml were extracted 
with equal volumes of di-isopropyl ether at 20° to 25° C for 3 minutes. The vanadium in the 

_ Organic layer was back-extracted into water and determined seen ae as the peroxy 


‘Initial concentration hydrochloric acid, 
Vanadium extracted (iron present), % 
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February, 1961] VANADIUM AND CHROMIUM FROM IRON 

It was observed that vanadiumV in 8 to 8 5M | hydrochloric acid could be reduced in a es 
cold to vanadium!V by sulphur dioxide. Tests were made at 24° C in the absence of iron =i 
chromium and with an excess of sulphur dioxide (the normality of the sulphur dioxide was — 
always greater than ten times that of the vanadium). — Under such conditions, the kinetics _ 


of the reaction can be wre att 


‘The equation indicates tha t reduction of dioxide is not rapid 
requires a high concentration of sulphur dioxide if the reaction is to reach adequate completion an 
in a reasonable time. For example, an initial concentration of vanadium of 0-1 N is reduced = 4 ; 


neem by the results in Table III. 


dioxide extraction of vanadium, and this approach w was adopted. Ma 


Ferric iron 
4 initially in absence of after aqueous 1s solution made 2-3 in 
present, sulphur dioxide ulphur dioxide and set aside at 20° C extracted 


Hydrochloric acid - sulphur dioxide reagent ‘solution—Saturate 10 to 11m hydrochloric 
acid with sulphur dioxide. _ An increase in volume occurs, which, for 10 m hydrochloric acid, 
reduces this concentration to 9°3M. The concentration of sulphur dioxide at this stage is . 
about 3N. When this solution is added to iron and chromium as chlorides, further dilution — - a 
occurs and the final concentration of hydrochloric acid is about 8-0 M. "The final concentra- 
tion of sulphur dioxide is idable lower than that expected 6 because some loss. 


__Evaporate the sample containing iron, chromium and vanadium with hydrochloric acid - 
until a scum just forms; do not overheat or subsequent solution will be slow. _ Dissolve the» 
cold residue in hydrochloric acid - sulphur dioxide reagent solution, allowing 10ml (or pro- 
portionately more if the sample contains more than 65 per cent. of iron) for every 1 g of sample. “— 
Cover the vessel, set aside for 5 minutes, and then shake with an equal volume of di-isopropyl Bf 
jcther for about 30 seconds (no precautions to avoid formation of peroxides need be taken). a ‘ 
| When the layers have been separated, wash the organic layer two or three times with half its _ 
eTOxy | ies of 8 7 9 M hydrochloric acid, and add these washings to the main aqueous layer. “at 


| ~The prc proposed pr snatein was carried out on a mixture of 1-08 g of iron! (as as FeCl,.6 6H 20), 
4-0 g of chromium’? (as CrOs) and 0-2 g of vanadiumV (in chloride solution). _ The amount of 
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fron in aqt ueous the of and chromium extracted 


by the di-isopropyl ether were determined as described below. 


ge After the layers had been separated, the aqueous layer was treated with hydrogen aentetide 
___ at the boiling-point to oxidise any ferrous iron formed. The cold solution was again extracted 
with di- -isopropyl ether, the organic layer was separated and back-extracted with water, and 
the iron in this aqueous extract was determined absorptiometrically as thiocyanate. _ Three 
such determinations gave results equivalent to 0-02 per cent. of the iron being in the initial 
aqueous phase. _ Hence the maximum amount of i iron om can be left in the total aquers 
The 
extracted with 
successive 10-ml of 8-0 mM acid; each extract was evaporated to fumes 
_ with sulphuric acid, the vanadium was determined absorptiometrically as its peroxy complex, 
‘ and the chromium was determined absorptiometrically as chromium™!. For the latter 
determination the vanadium was omitted ; the a of roe is the mean of ri rage | 
_ of determinations shown in parenthesis, were— 
Percentage of total vanadium in 063 j 0-0 021 (6) <0 01 (5) 
Percentage of total in extract (6) Die 01 (2 2) 01 (1) 


difference. in ‘these results was when the time of standing 
dioxide was increased to 25 minutes; reduction is therefore adequate. The concentration 
_ of vanadium and chromium in the organic layer after the first extraction is appreciable, 
‘Seth the above figures indicate that it is negligible after washing with hydrochloric acid 


as specified under “Procedure.” This was confirmed for vanadium as follows. The organic ] 
layer, after separation and washing twice with 10-ml portions of 8-0 Mm hydrochloric acid, as § 
specified above, was evaporated to dryness. The residue was dissolved in water, and the 
am was evaporated to fumes with an excess of sulphuric acid. The residue was dis- J 
solved i in water and the iron removed by mercury- -cathode electrolysis. ‘The residual solution 
was evaporated to small volume, the sulphuric acid partly neutralised with sodium hydroxide, 
and the vanadium determined absorptiometrically as the peroxy complex. In three such 
determinations, the vanadium found i in the washed di-isopropyl ether layer 1 never exceeded 
0-01 per cent. of that initially present. — - N No loss of vanadium was detected in any other stage 


_ We thank Imperial Chemical Industries Ltd. (Billingham Division) for awarding a ation 
to: one of us (G.A.D. ), the tenure of which this work was carried out. 
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Elimination 


Determination of Calciu: fagne: 


aa 


Three | Precipitation of and magnesium from colutions 
nitial | _ phosphate can be suppressed with ammonium molybdate, so permitting 
1eous interference from phosphate to be prevented in the determinations of calcium > ue al 


i and magnesium with ethylenediaminetetra-acetic acid . The use of Ree mec 


determination with ethylenediaminetetra-acetic acid of Magnesium i in 


mixtures of calcium, magnesium and phosphate. Because this has a useful 
with to the of ash, a rapid procedure for cen devised 
umes _ calcium and magnesium in tk 
plex, 
latter “ 
mber . for and accuracy is within about 1 

Be | CHEMICAL analysis of plant ash in order to assess mineral-nutrient requirements is now  ——— 
(5) ; established practice. For tree crops, the leaf samples usually taken! always contain appreci- 


(1) ff able amounts of phosphate, which has been found to interfere in determinations of calcium — 
hur | and magnesium with ethylenediaminetetra-acetic acid (EDTA).2. To prevent such inter- * 
1 | ference, previous workers have either removed phosphate (by precipitation® or with ion- 
iable. | exchange resins‘) or used dilute solutions for the EDTA titration, often with photometric _ 


| determination of the end- -point.6 A rapid and simpler approach is described in this paper; 


seared f it is based on masking the phosphate ion as the soluble molybdophosphate complex. F urther, : 
id. as § 2 Procedure is described for determining calcium and magnesium in plant ash, magnesium a 


d the § being determined directly and calcium by difference. This is an improvement on existing _ 


5 dis- | Procedures,’+* in which calcium is determined directly and magnesium by difference, because 
ution | ™@gnesium is normally present in much smaller amounts than is calcium; moreover, when Fe 
oxide, | the results are used to diagnose plant- -nutrient requirements, | magnesium is usually the oe 


om of ammonium calcium phosphate and ammonium magnesium phosphate 
Fare formed when weakly acidic solutions of plant ash are made alkaline with ammonia before 


irsary § titration with EDTA. The cloudiness produced interferes visually with the estimation of a 
_ ” [the end-point, which is drawn-out and also premature,? because of the slow interaction - 
__ | between EDTA and the insoluble phosphates. Precipitation of calcium and magnesium — 
die from ammoniacal solutions containing phosphate is suppressed by adding ammonium 


| molybdate. This is shown in Fig. 1, in which the amounts of ammonium molybdate a 
i , needed to prevent precipitation | (experimentally determined by a repeated process of trial 
“pe and error) can be seen to be > proportional to the concentrations of phosphate and of calcium — 
_ | plus magnesium in solution. The points plotted in Fig. 1 represent the minimum amounts — 
ited of 20 per ons ag ammonium molybdate solution needed to prevent precipitation of calcium 
and magnesium phosphates for at least 1 hour after the addition of 20 ml of an ammonia - 
ammonium chloride buffer solution to 50-ml portions of solutions containing calcium, mag- Tz 
os nesium and phosphate. Curve B corresponds to the normal amounts of these constituents — * 
 Tfound in the leaf ash of Hevea brasiliensis and curve A to the maximum amounts likely to 
Solutions stabilised in ‘this manner eventually produce precipitates, usually after 
_ | 1 hour, and when they are heated, calcium molybdate is partly deposited. More complete 7. x 
— precipitation of calcium under such conditions is attained by using sodium tungstate, ast 
suggested by Shapiro and Brannock. 8 The efficiency of molybdate and tungstate as pre- 
cipitants of calcium from ammoniacal solutions containing calcium, magnesium and phosphate 
ions can be determined by titrating with standard EDTA solution the cations nipordons of 
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dded, mi 


solution a 


Volume of 20 per c 
molybdate 


ammonium molybdate of 
"precipitation of calcium and magnesium from am- 
moniacal solution by phosphate: curve A, solution 
containing 0°15 mg of calcium and 0-05 mg of mag- Desai te 
nesium per ml; curve B, solution containing 0°075 mg fe 
oo emencnincel ‘solutions containing 7-5 mg of calcium, 2-5 mg of magnesium and | 5 mg of 
i were treated with aqueous 20 per cent. w/v v solutions of (2) ammonium molybdate 
‘Volume. of precipitant added, ‘ml 
precipitated by molybdate, 75-9 85:7 944 95 
precipitated by tungstate,% .. 0 1199 1103 106- 
Greater efficiency in precipitating calcium only can be attained by using ammonium 
‘molybdate and sodium tungstate together; results of experiments similar to those described 
above, , but in which molybdate - tungstate mixtures were used as precipitant are shown in 


Table I and confirm this. a The results: above and in Table I were obtained from standard § 


‘Caleiu 
Mets precipitated, 
TOS nas 


968 


‘solutions of calcium chloride, magnesium sulphate and diammonium hydrogen orthophosphate, 


which were mixed to correspond to the average amounts of calcium and magnesium and 
7 the maximum amount of phosphorus found in leaf samples from rubber trees. The way in | 
which these results can be used to frame a satisfactory procedure for determining calcium | 
and magnesium is discussed later. The procedure described below was developed specifically 
= the analysis of leaf samples from Hevea brasiliensis, but should be applicable to other 


leaf samples 0: of ‘similar — 
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OF AND MA ESIUM IN PLANT 


Eriochrome black T - chloride 0-2 2 g of black 
50 g of potassium chloride until the indicator is evenly distributed. ato 
_ EDTA solution, 0-01 Mm—Prepare from disodium ethylenediaminetetra-acetate 
§ and standardise against a solution of magnesium sulphate heptahydrate. 
Sodium tunestate solution. 90 her /vu—Prevare from the h hvdrated salt. 
Ammonia solution—Ammonia solution, sp. gr. diluted (1 

calcium and about 1-5 mg of magnesium add 20 ml of ammonium molybdate solution, mix ap 
thoroughly, and add 50 ml of ammonium chloride - ammonium hydroxide solution, 1 ml of — ay 7 
hydroxylamine solution, 2 ml of potassium cyanide solution and 0-2 g of Eriochrome black T = a 
potassium chloride mixture. and titrate with 0-01 m EDTA to the 
_ Titration of magnesium—To a 50-1 ml of solution, as much calcium 
and magnesium as in the previous titration, add 30 ml of ammonium molybdate solution and = 
10 ml of sodium tungstate solution. Swirl thoroughly, add 10 ml of 50 per cent. ammonia “i 
solution, and heat for 30 minutes at 80° to 90° C to precipitate calcium completely. Filter — 
the solution immediately through a Whatman No. 2 filter-paper, and carefully wash the if 
precipitate four times with 2 per cent. ammonia solution. Add the washings to the filtrate, 
then add 15 ml of 50 per cent. ammonia solution, 1 ml of hydroxylamine solution, 2 ml of a 
potassium cyanide solution and 0-2 g of Eriochrome black T - potash: chloride mixture, ian 
and titrate as before with 0-O1MEDTA. 
_ The second titre is a direct measure of the n magnesium m present i in a 50-ml aliquot of the = 
sample solution; the amount of calcium is obtained from the difference between 

Discussion ‘OF RESULTS 
magnesium from solutions phosphate may be adding 
ammonium molybdate to form a soluble molybdophosphate complex. In titrations with A 
EDTA, interference from phosphate can be prevented in this way, but the amount of molyb- 
date needed depends on the concentrations of calcium, magnesium and phosphate in solution. 
For example, when the proposed procedure is used, 20 ml of the ammonium molybdate 
solution may be interpolated from Fig. 1 as the amount needed for the maximum concen- _ 


trations of calcium, magnesium and phosphate likely to be present in ash from the leaves 


The ammonium molybdate solution, together with the ammonium chloride - _ammonium 
hydroxide solution, buffers the solutions, which are titrated at a pH of about 9-5; this is _ 
lower than the value recommended by Schwarzenbach, 2 but has nevertheless been found to. 
give satisfactory end-points. The recommended pH of 10 cannot be won! ys , above itatic 9: . 
excessively large amounts of ammonium ae are n 


Direcr DETERMINATION OF 1 


on - initial quantitative removal of calcium. This is made difficult pe the presence —s 

phosphate, which forms precipitates with both calcium and magnesium in alkaline solutions. _ 

Precipitation of calcium as its oxalate from acid solution has been suggested, but the = 

excess of oxalate i ion needed to avoid simultaneous precipitation of ae interferes 


= 
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MIDDLETON: ELIMINATION OF PHOSPHATE INTERFERENCE IN EDTA 
>a subsequent titration of magnesium v with EDTA. a Ammonium molybdate will precipi- 
tate calcium from hot ammoniacal solutions; the results on p. 112 show that, in the presence 
of phosphate, precipitation is incomplete (between 75 and 95 per cent., depending on the 
- amount of molybdate used). Cheng and Bray* used sodium tungstate to precipitate calcium 
from ammoniacal solutions in an EDTA procedure adapted for soil extracts. . In the presence 


_ of appreciable amounts of phosphate, however, magnesium is also precipitated as its phosphate, 


and the results on p. 112 show that magnesium equivalent to more than 10 per cent. of the 
calcium present may be lost in this way from solutions containing phosphate. 
_ The results in Table I show that suitable mixtures of ammonium molybdate and sodium 
tungstate solutions will effectively precipitate calcium from hot ammoniacal solutions also 
ro: containing magnesium and phosphate. Calcium tungstate is deposited, but the large excess 
_ of molybdate forms a complex ion with phosphate and prevents simultaneous precipitation 
of magnesium phosphate. _ Extrapolation from curve B in Fig. 1 suggests that, for the titra- 
tion of magnesium only by the proposed procedure in an aliquot containing 7-5 mg of calcium, 
g 5 mg of magnesium and 5 mg of phosphorus, about 25 ml of 20 per cent. ammonium 
_ molybdate solution should be needed to prevent interference from phosphate. This is 
_ confirmed by the figures in Table I, which indicate that a mixture of 30 ml of the ammonium 
_ molybdate solution and 1 ml of the sodium tungstate solution is adequate to precipitate 
calcium without loss of magnesium from hot solutions. The precipitation of calcium b 
z small an amount of tungstate is slow, and in practice the excess provided by 10 ml of 
the sodium tungstate solution was found to be most for leaf samples. 


a ‘ ‘Cheng | and Kurtz! have : suggested the use o ots mixtures res of potassium cyanide, triethanol- 
amine and potassium ferrocyanide to prevent interference from heavy metals, iron, alu- 
minium and manganese in EDTA titrations of magnesium and calcium in soil extracts. 
_ These metals are present in smaller amounts in leaf samples of Hevea brasiliensis, and it was 
found in practice that the slight interference from them could be overcome by using potassium 
‘this has been included in the proposed procedure. 


os A comparison was made between the proposed : procedure and two standard methods Fe A 

® used i in these laboratories for routine analyses of leaf samples; these methods were Hunter’s | 
Titan yellow method for magnesium" and a flame- -photometric method for calcium, which | : 
_was applied after calcium had been precipitated as its oxalate in order to avoid interference 1 in 
from phosphate.” Solutions in dilute nitric acid of two dry ashes from each of five samples J W’ 
of leaves were analysed in duplicate by the three methods, and the results (see Table II) § t 
were expressed as percentages of oven-dry material 
AND MAGNESIUM FOUND IN LEAF SAMPLES FROM Hevea brasiliensis 
Results as percentages of o oven- en-dry materi terial 


proposed ‘Titan yellow flame- hotomets 


0-279, 0-280 —-0-283, 0- 472, 0-460, 
«0-289, 0-286 0-481,0-479 0-470,0-470 
187, 0-196 1-246, 1-250 1-275,1-267 


0-190, 0-191 0-190, 0-196 1-256, 1-250 -267, 1-267 
0-193, 0-195 0-188, 0-188 0-769, 0-761 0752, 0-755 


0-193, 0-195 0-188, 0-184 0-765, 0-757 0-758, 0-755 


195, 0-198 0-188, 0-188 0-757, 0-757 -765, 0-789 
= 0-198, 0- 198 0-188, 0-188 0-757, 0-753 0-769, 0-765 
0-201, 0-203 0-198, 0-198 1-428, 1422 1.430, 1-447 
10 0. 0-204 201, 0-196 1-428, 1-438, 1-438 
Mean” 0-984 


0-939 
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examination of these is in Table from hich the 
standard error of a single determination of magnesium by the proposed method can bey 
calculated as +0-00161 (coefficient of variation 0-76 per cent.); the corresponding values __ 
Bior the Titan yellow method are +0-00289 and 1-37 per cent. For a single determination 
of calcium by the proposed method, the standard error is +0-00380 (coefficient of variation an er, 
0-41 per cent.), and for the flame-photometric method the corresponding figures are + 0-00454 oa 
and 0-48 per cent. All these values are based on the variations between duplicate deter- no 
minations on a given ash; differences in precision between the proposed and the other two aay : 
methods are therefore not established, although a lower precision for be Titan yellow method 4 
is indicated at the 10 per cent. level of significance. 
ANALYSIS OF VARIANCE OF RESULTS IN Tietz 


a 


AY 


Ashes within samples BB (NS) 8865 (N. 
Ashes x methods within samples . = (N. 3. 

proposed “10% 1440 


odi Significant ‘the 0 1 per cent. “level. vel, ON, S. = Not significant. 

of the results also no significant ¢ difference between on the 
same sample, whereas a highly significant interaction is shown between samples and methods. 
As a result, no significant differences between the means for the methods (see Table IT) are 
established; this is because the standard errors for these means must be derived from the 
it is evident that, for samples A and B, the Titan yellow method gave larger average 
values than did the proposed | method, although for eanvedl Cc, D and E the ene 


= 
interaction mean square. These points can be confirmed by inspection of Table II, ¢.g., — : 
ANT 
fact that the method is accurate for 


ic Cm, Magnesium, Phosphorus, Magnesium, Calcium, 


| cent. low and that of calcium 1 per cent. high; the fact that the calcium ew depends uj upon a 
| the magnesium determination may explain this relationship. In general, the errors in — 
recovery are since are within the error with leaves: 
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this paper, Messrs. Chin Pong Tow and Chen Hen — for help with the analytical work 
_and Mr. D. R. Westgarth for statistical aid. 
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imultaneous Polarographic Determination of Copper 


“* The e precise application of the well known formate method for the r 
_ simultaneous polarographic determination of copper and lead in steel has been > % 
P defined; a linear-sweep cathode-ray polarograph was used. Copper can be ata 
- determined with a standard deviation of 0-006 per cent. at the 0-1 per cent. det 
_ level in samples containing not more than 0-2 per cent. of molybdenum. he 
By taking a smaller weight of sample the method can be extended to samples ie lig 
containing up to 2 per cent. of molybdenum, with some consequent loss in 
precision. By a slightly modified method, copper can be determined in pure 


A 
iron down to a lower limit of 0-0001 per cent. after most of the iron has an oath 


separated by solvent extraction. Tin, arsenic, titanium and molybdenum are 
reduced at peak potentials coincident with the lead reduction, and the pro- 
cedure is therefore suitable for determining lead in samples containing only 
residual amounts of tin, arsenic and titanium; interference from molybdenum : 
is not serious, provided that the molybdenum content is not much in excess — 
; of the lead content. The method is particularly useful for the analysis of — “4 
lead-bearing steels containing more than 0-05 per cent. of lead, and a standard — 
_ deviation of 0-008 per cent. is claimed. The method has been applied to 
| some thirty analysed samples ranging from high-purity iron to stainless steel, 


and confirmatory results are reported. 
ONE of the few polarographic methods successfully used in the iron and steel industry is 


_ that for the simultaneous determination of copper and lead in a dilute hydrochloric acid 
solution buffered at pH 2 to 3 with sodium formate. Nickelson? first proposed the use of | 
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a formate solution for determining iron, copper, lead and zinc in aluminium alloys, and 


this was later applied to the determination of lead and copper in steel by incorporating 
_ reduction with hydrazine hydrochloride.2> Westwood and Presser* also used this method 
_ for determining 0-004 to 0-03 per cent. of lead in nodular cast iron after removal of graphite 
by filtration; more recently, Ota’ slightly modified the procedure in order to determine lead 


in free- -cutting steel. The remarkable resolution of the square-wave polarograph permits 
_ the simultaneous determination of copper and lead i in dilute hydrochloric acid solution without 
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preliminary reduction of iron. ¢ Although a much improved instrument compared with — 


conventional polarographs, the Southern Instruments’ cathode-ray polarograph used in this — 
work will not resolve the copper wave in the presence of a = excess of ferric iron, tae it 
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publish 
work 


Bic. ‘D.R. at the Bragg Naval Ordnance Establishment, 
Bio avoid taking aliquots and the use of a water bath. The sample is dissolved in 10 ml of Aa 
d “Pla diluted hydrochloric acid (1 + 1), and the solution is oxidised with potassium chlorate and arn 
boiled to expel chlorine. Five-millilitre portions of hydrazine hydrochloride solution (20 per way 
peat. w/¥) and a saturated solution of sodium formate and a 2-ml portion of starch solution — iy 
Bos per cent. w/v) are then added. After being heated to reduce the iron, the solution is 
diluted to 25 ml, and the polarographic waves are recorded. Iron is converted to the ferrous ~ 
state, thereby eliminating the current at zero potential due to ferric ions. Ferrous ions’ 
are reduced at the mercury electrode at —1-4 volts against the saturated-calomel electrode, 
and other metals having half-wave potentials more positive than this, such as copper (—0- 25 
volt) and lead (—0-45 volt), can be determined without interference from iron. Cupric copper 
present in the solution is reduced to the cuprous state by the treatment with hydrazine. 
_ As well as copper and lead, bismuth, molybdenum, antimony, titanium, tin and arsenic ses 
give polarographic waves in a formate base electrolyte in the region 0 to —06 volt. In 
two of the papers mentioned above, the éffects of interfering elements on the measurement 
of the lead wave were examined. Westwood and Presser* stated that the method was not — _ # 
applicable to all types of pig iron, particularly if small amounts of copper were present; 
this caused a steep slope to the residual-current wave, which masked the lead step. . 
such samples, these workers separated lead from most of the iron and copper by solvent 
extraction. Ota® found that there was no interference from copper and molybdenum, _ 
provided that the concentrations of these elements did not exceed 0-4 and 0-1 per cent., | 
respectively ; he also stated that 0-1 per cent. of arsenic, 0- ” per cent. of tin and 2 per cent. 


‘This paper describes an evaluation of the simplified method described in the personal — 


communication referred to above; a linear-sweep cathode-ray polarograph was used. A 
study of interfering effects has been made, and the sere of the method to the oe ; 
pure iron, mild steel and alloy steel has been considered. 


- have made three modifications to the method described Curry: | 
solvent acid has been increased to 12 ml to assist in the solution of alloy Oey the final 
volume has been decreased to 20 ml to improve sensitivity and (c) the acid solution is evapora- 
ted to between 6 and 7 ml to achieve closer control over the acidity of the base electrolyte. — 
With modification (c), the pH is between 2-4 and 2-8; at pH values above 3-0, basic iron salts _ 
are precipitated, with some consequent danger of loss of copper and lead by adsorption. __ 

__ Well defined waves are produced for copper and lead, with peak potentials at —0- ‘28 
and —0-48 volt, respectively, against a mercury-pool anode. Calibration graphs are linear 
for both elements over the range examined (0-0005 to 0-30 per cent. in a 1-g sample). wud 
_ For copper contents in the range 0-0005 to 0-005 per cent., the calibration points tend | 
to be rather scattered about a straight line; poor reproducibility may therefore be expected. 
There is some degree of atmospheric oxidation if the reduced solution is set aside, and this _ 
results in the formation of ferric ions; this, in turn, gives rise to a standing current at zero ; 
potential, which cannot be fully backed- off, and it becomes difficult to measure the peak _ 
height. It is possible to minimise this effect somewhat by starting the potential sweep at | 
the most negative value possible, but, in practice, concentrations of copper less than about 
0-005 per cent. cannot be determined with any degree of precision in the presence of 1 g of iron. 
_ During work on interfering elements, a sharply defined peak was observed at —0- 16 
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ge j to —0-20 volt when the instrument was used at high sensitivities. The occurrence . of the a 
srating §2Ve is erratic and its peak height varies considerably; it has every appearance of a typical 
noth =] cathode-ray polarograph maximum wave, but it does not respond to the usual maximum _ 


suppressors, such as gelatin, starch, peptone and surface-active agents. The addition of _ 
starch to the base electrolyte, as recommended in the original method, has no effect on the =| 
ermits |“2Ve, but the presence of starch serves to improve the definition of the copper wave and for - 
vithout reason it is retained. Interference from this wave is only n noticeable at extremely _ 
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SCHOLES: THE FORMATE METHOD FOR THE SIMULTANEOUS [Vol. 86 
low levels of copper content, and, in practice, it is possible accurately to measure peak heights 

to the lower limit (0-005 per cent. of copper). 
‘The preceding reduction of bivalent copper at —0-28 volt interferes with the deter. 
- mination of lead, so causing low results. The degree of interference varies "considerably 
as a function of start potential and can be minimised, but not entirely overcome, by using 
the manufacturer’s recommended technique’ for measuring multiple waves. After measuring 
_ the copper wave, the start potential is re-set to bring the beginning of the lead wave on the 
zero point of the graticule on the oscilloscope screen, thus providing an almost horizontal 
base line for measuring the lead wave. This feature is demonstrated by the results in Table], 
_ which show the effect of variation in start potential on peak current for solutions containing 
lead and lead plus copper. To minimise interference from copper, therefore, it is essential 
to start the potential sweep at the most negative value possible, and a value of —0- 34 volt 
“was selected for calibration. Ideally, all test solutions should be measured with this same 
start potential, but, if the wave has a sloping base line (owing to the presence of molybdenum), 
it may be necessary to start the sweep at a slightly more positive value; in practice, small 
variations v7 = nis 0-02 volt) have little effect on measurements of peak current. 

EFFECT OF _ VARIATION IN START POTENTIAL | ON INTERFERENCE FROM venga a 
fy Peak current with start potential 
4 ‘Sample 25 volt, —0-30 volt, —0-32 volt, —0-34 volt, 


Matthey i iron + 0-2 each of lead and copper 9°25 45 


This method of overcoming interference copper is effective only when 


the copper content does not exceed the lead content. If the copper-to-lead ratio is 3 to 1,f 


results for lead will be about 4 per cent. low. At higher ratios, the degree of inter- 
_ ference is approximately puaeiaalt: and with a copper-to-lead ratio of 10 to 1, results 


lead at the 0-05 per cent. level be about 15 per cent. low. | TOM 


REAGENTS— $2, 


" Starch solution, 0-5 per cent. ‘w/vo—Mix 0-5 g of soluble starch with 5 ml of water, and 
pour into 80 ml of boiling water. Boil gently for 5 minutes, cool, and dilute to 100 ml. | 


a _ Standard copper solution A—Dissolve exactly 0-25 g of high-purity copper in a little 
& nitric acid, evaporate to dryness, and dissolve the residue in 10 ml of hydrochloric 6 
Cool, and dilute with water to 500 ml in a calibrated flask. 

sy 


Standard copper solution B—Dilute 25 ml of standard d copper : ita ks to 500 ml in 


ml = 25 pg of copper. 
Standard lead solution*—Dissolve exactly 0-25 g of high-purity lead-metal grain in about 

— 50 ml of diluted hydrochloric acid (1 + 1), adding potassium chlorate from time to time 


‘Transfer 1 g of sample toa a 50- =m conical flask, add 12 ml ml of diluted hydrochloric acid 
(1+ 1), and heat gently until solution is complete. For samples containing more than 


crar 


030 per cent. of copper and/or lead, take a smaller weight of sample, and add sufficient J 


_ pure iron to give a total weight of 1g. For the determination of copper in samples containing 
_ between 0-20 and 2-0 per cent. of molybdenum, take a smaller weight of sample, and dilute 
_ with pure iron to give a total weight o of 1 g, suc such that the molybdenum content of the diluted 


po 
th 

n 
al 

| 

a 

in 

St 
u 

‘ 

me 
| 

{ 


OLAROGRAPHIC DETE 
Oxidise the soluti 


potassium chlorate concentrate the solution to 6 and 7 ml gentle ‘oiling 
iderably on a hot- -plate. Remove the flask from the hot-plate, and add to the solution, from 10-ml — 
by using dropping pipettes, 5 ml of a 20 per cent. w/v solution of hydrazine hydrochloride, 5 ml of — 
easuring i, saturated solution of sodium formate and 2 ml of starch solution. _ Heat the solution on 
ae als the hot- er} at about 90° C, with occasional swirling, until the iron appeers to be completely 1 
rizon 

Table, 


Instruments Ltd.), remove oxygen pn passing oxygen-free nitrogen for 5 to 10 minutes, | 
3A volt # and measure the peak heights of the waves for copper and lead. Suitable start potentials 
uS Same # are —0-05 volt for copper contents in the range 0-025 to 0-25 per cent., —0-08 volt for copper 
contents in the range 0-005 to 0-025 per cent. and —0-34 volt for lead contents in the ated 
With each batch of examine a reagent blank solution and a standard steel 
Ga check on the calibration graphs. The standard lead steel should have a low content of . 
' copper . Express results in the range 0-005 to 0-05 per cent. to the nearest 0-0005 per cent., _ 
in the range 0-05 to 0-15 per cent to the nearest 0-002 per ¢ cent + and i in the helt 0- 15 to 0- 30° if 
per cent. to the nearest 0-005 per cent. 


CALIBRATION 


hydrochloric mn? a Oxidise these solutions, add to each amounts of standard copper solution 
suitable for the construction of calibration graphs to cover the ranges 0-005 to 0-05 per cent. 
and 0-05 to 0-30 per cent. of copper, and continue as described under “Procedure.” 
_ For lead, prepare a separate calibration graph to cover the range 0- 06 to 0-30 per cent. ; 


INTERFERING” ELEMENTS— 


sharply peaked —0- 16 volt does with 
measurement of the copper wave, provided that the ratio of bismuth to copper does not — 
exceed 2 to has not been detected in any of the irons and steels SO cent. of 


a little of interference in the determination of both copper and lead. In the absence of copper, — 

ric acid. § 0-2 per cent. of molybdenum gives small waves at —0-28 and —0- 47 volt ; if copper is present, 2 
the first wave is masked by the coincident reduction of copper. If the concentration of 

molybdenum is increased to between 0-4 and 0-5 per cent., the first wave moves to a more> 

negative potential (—0-34 volt) and a third wave appears at —0-15 volt. The peak potentials — 

and peak currents of these waves are not reproducible; the peak potentials may vary within 

+0-02 volt of the stated values. The tolerance level for molybdenum in the determination — 

of copper is 0-20 per cent. ; above this level, the molybdenum waves at —0-15 and —0-34 volt __ 

distort the copper wave, so ) producing low results. The effect of interference from molybdenum He 

can be overcome by using a smaller weight of sample diluted with copper-free iron to an extent . 

such that the weight of molybdenum in the diluted sample does not exceed 2 mg. _ Provided — 

that decreased sensitivity and precision are acceptable, copper can be determined down to Lt 

a lower limit of 0-05 per cent. in 100-mg samples of alloy steels containing up to 2 mm cont, 

_ Interference from molybdenum i in n the determination of lead is more serious and is largely ma 

dependent on the ratio of the two elements. There is little or no interference when — 

molybdenum-to-lead ratio is 1 to 2, but when the ratio is increased to 1 to 1 results for lead : 

cle are about 9 per cent. high. At higher ratios, a sloping base line and distortion of the lead 5 

ntaining § wave make precise measurement difficult . However, interference from molybdenum can 

d dilute | be overcome by double extraction with isobutyl acetate from a solution of the sample in 

> diluted aqua regia. Separation of molybdenum is not complete, but the content is ‘iy 

decreased to permit accurate measurement of the waves for copper and lead. — 
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_— Antimony— Tervalent antimony gives a rather drawn-out wave with ‘a rounded peak 
‘ at Sates -45 volt; this wave coincides with the lead wave and tends to merge with the copper | 
wave when the antimony-to-copper ratio is about 1 tol. Antimony has not been detected 
i in any of the samples of steel so far analysed by this method, but past experience has shown 
_ that certain types of unrefined Swedish iron contain up to 0-02 to 0-03 per cent. of antimony. 
_ It is therefore necessary to separate antimony before determining copper in pure iron. 
7 a Titanium—tThe reduction of quadrivalent titanium to the tervalent state at —0-50 volt 
is comparatively insensitive. A concentration of 0-1 per cent. of the element gives a peak 
current equivalent to that for about 0-004 per cent . of lead, and at higher concentrations the 
degree of interference is difficult to measure, owing to partial hydrolysis of titanium. Pro- 
- vided that the titanium content does not exceed 0-1 per cent., there is no significant inter- 
ference with the determination of 0-05 per cent. or more of lead. 
__ Tin—Bivalent tin is reduced at —0-50 volt, but quadrivalent tin is not reduced in 
vn containing formate. It should therefore be possible to remove interference 
7 from tin by oxidation to the higher valency with potassium chlorate. _ Unfortunately, there 
is some degree of reduction if the tin content is much above 0-05 per cent., and this results § 
_ in enhancement of the coincident lead wave. There is, however, no interference from 0-05 per J 
a cent. of tin in the determination of lead at the 0-05 per cent. level; 0-05 per cent. is therefore 
3 _ Arsenic—Tervalent arsenic is reduced at —0-50 volt, but the reaction is not highly 


— sensitive and 0-05 - cent. of arsenic gives a peak | current equivalent to that for about 


ail At lower lneale of copper content, the accuracy of the polarographic method can be 


_ improved if most of the iron is removed by extraction with isobutyl acetate.? — Sensitivity i is 
limited, however, by interference from the spurious wave mentioned earlier, which was 
eventually traced to an unidentified impurity in the sodium formate. Attention was given 
to alternative buffering agents, and it was found that the use of AnalaR sodium acetate was 
more satisfactory and caused no interfering wav es. Solutions buffered with sodium acetate, 
_ however, are not suitable for the direct determination of copper and lead; the reduction of 
_ ferric iron by hydrazine is only partly complete, and some difficulties are sabia in 7 
determination of lead in base electrolytes containing acetate. 


_ RECOVERY OF COPPER IN ‘PRESENCE OF AFTER EXTRACTION 


The aliquot of solution used was equivalent tc to2 2 2g of sample, rca tl alt 


AH iron + 0-05 per cent. of antimony > 
AH iron + 0-10 per c cent. 00015 
iron + 0- 00025 per ‘cent. of copper. 09-0003, 0- 
Matthey i iron + 0-0025 per cent. of copper 0-0026, 0- 0028 wih 
Matthe iron + 0-025 per cent. of copper 0-02 ‘0248, 0-0256 


‘After solvent extraction from an aqua regia solution the aqueous layer is heated to 


An aliquot of this solution is buffered at about pH 4 by adding sodium acetate solution. 
-Hydrazine is added as before, and the solution is heated to reduce residual iron. Aliquots 
_ of the solution may also be used for determining other elements, such as nickel and cobalt,” 
= can conveniently be determined polarographically. Calibration graphs are linear over 
the range examined (0-0001 to 0-001 per cent. and 0-001 to 0-025 per cent. of copper in 
aliquots equivalent to 2 g of sample). . Ina base electrolyte containing ee acetate the 
peak potential is —O0-26 volt. 


Solvent extraction removes antimony and so provides an effective means nie overcoming 


- interference fr from this element when present in pure iron. Ina series of recovery experiments, 


| 
ie — of lead, provided that the level of soluble arsenic in t 
lo 
=i i me 
ate 
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ed peak different amounts of copper were added to og samples of Matthey iron , and antimony was 


added to a sample of vacuum-melted pure iron known to contain 0-0015 per cent. of copper. — 


2 CO 
fetta The results are shown in Table II and indicate that recovery of copper was good at all levels. x 
s shown There was no wave for antimony, and the Tesults for the AH iron confirm that rer remov al 
itimony, antimony we was as complete. ws wis. used Piet: tt 
value for No.of Mean copper No.of Mean copper 
Trerence 18 1 0005 
0-05 per | 972 0-015" f 
Mild steel 274 0-040* 800885 
0-05 per Cast steel 230. 0084 
2ed 0-05 Carbon steel . 0-18 0- 
"Magnet alloy . 266 33 4 t 
* Value quoted to the nearest 0-005 per cent. 
be t Decreased weight © of used ; Soult expressed nearest o 05 per cent. 
ich with the of lead i is only poate: complete; 
as given modifications incorporating solvent are therefore not 


ot ee ot hydrochloric acid, sp.gr. 1-18, and 15 ml of nitric acid, sp.gr. 1-42. Allow the aprotie to 
dissolve, without heating, cool the solution rapidly in a stream of running water, and transfer af 
[to a 500-ml separating funnel. Rinse the beaker with isobutyl acetate, add the rinsings 
sw CO. Cnntternts of thee separating funnel, and then add sufficient isobutyl acetate to give 

"total of 150 ml of solvent. Shake for 30 to 40 seconds, and allow the layers to ‘separate ; 
ot extraction must be out under a fume hood. 
Fanghant — Run the ; “aqueous layer into the original beaker, , add 10 ml of nitric acid, sp.gr. 1-42, 
and 5 ml of dilute perchloric acid (3 + 7), and evaporate to about 5ml. Transfer the 
ak | solution to a 50-ml conical flask, cover with a clock-glass, and continue evaporation to incipient 
fuming. Cool somewhat, rinse the walls of the flask with water, and again evaporate to— 


me: incipient fuming. ¥ Extract the residue with water, cool, and dilute to 25 ml in a calibrated 


iat ed _ Transfer a 10-ml portion of the solution to a 50-ml conical flask, and add, from dropping 
tos hod pipettes, 1-0 ml of hydrochloric acid, sp.gr. 1-18, 2 ml of a 20 per cent. w/v solution of hydra- - : 
ated tq gine hydrochloride, 5 ml of a saturated solution of sodium acetate and 1 ml of starch solution. _ 
4 Heat the solution to reduce the iron as before, dilute, and measure the polarographic wave 
olution. |" Copper. Suitable start potentials are , —0-03 volt for sam mples containing 0-001 to 0-025 per 

aot, gcent. of copper and —0-08 volt for samples containing less ‘than 0-001 percent. 


my : _ Examine a reagent blank solution and a standard steel with each batch of samples. — 


ai eres Express results in the range 0-0001 to 0-001 per cent. to the nearest 0- —. cent. and tt 
pper in |= the range 0-001 to 0- 025 per cent. to the nearest 0-0002 per cent. i 


4 Prepare solutions each containing 501 mg of copper-free jean dissolved in hydrochloric — 


acid. (This assumes that extraction of iron from a 5-g ompe is 99 per cent. enenete 
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; ‘Oxidise the solutions with nitric acid, and add suitable amounts of standard copie solution 

i for the construction of calibration graphs to cover the ranges 0-0001 to 0-001 per cent. and 
0-001 to 0-025 per cent. To each solution add 5 ml of dilute perchloric acid (3 + 7), evaporate 

to dilute to 25 ml, and take a 10- ml as 


a - ‘The: direct method has been applied to pee iat of mild steel, ‘stainless steel and 
_ magnet alloy, and the results are compared with British Chemical Standard certificate values 
in Table III. The standard deviation for copper, calculated from the results for B.CS. 


Nos. 271 and 277, is 3 0. 001 per cent. at the O- 01 per cent. level and o ‘006 per cent. at the 


aa after solvent extraction. _ The standard deviation calculated from the results for the 


COPPER | FOUND BY DIRECT METHOD IN STEELS ‘CONTAINING MOLYEDENOM 


value for— 


CHORE 


this value compares with the reproduciblity claimed the British Standard 

Procedure, 1l in which 2,2 biquinolyl i is wed. rave 


ht, graticule divisions 


= 


o 


heig 


Fig. 1. Typical polarogram copper 


> ead in a lead-bearing steel. Sample MGS 274 
containing 0°19 per cent. of lead and 0°19 per 
a4 cent. of copper (sensitivity s setting, 2°5; volume 


a, & bal 
ies fom: elements giving waves coincident with the iid wave restricts the 


application of the method to steels containing more than 0-05 per cent. of lead. The copper- 
to-lead ratio in such steels rarely exceeds 3 to 1, and for practical purposes interference 
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from c copper can nibueiins be disregarded. The method is s particularly suitable for lead- beating 
steels, provided that the molybdenum content is not much in excess of the lead content. a 
_ The direct method has been used for the simultaneous determination of lead and copper 2 ; 
fin a series of six lead-bearing steels that had previously been analysed for lead by the © a g 
B.1.S.R.A. Methods of Analysis Committee,!* who used their gravimetric method involving a, 
precipitation by hydrogen sulphide; the results found by both methods for copper and lead if q 


Fare shown in Table V. The lead content of each sample was determined six times by the pe Pit 
4 DETERMINATION OF COPPER AND LEAD BY DIRECT METHOD in 
Each: result for lead by the proposed method is the mean of six determinations 


ty be: each result for copper the mean of two war ont 


ample fe) -Committee,* = metho deviation metho 
Lead steel (B.C.S. No. 212) MGS 163 0: 0-280 0-007 


is ree- -cutting steel .4 MGS 0- 076 0-080 


16 Except for MGS 257A, ‘these are expressed to nearest 005 per ‘cent 


53 H mala method, and the maximum standard deviation was 0-008 per cent. of lead. Each 
result for copper is the mean of two determinations. A typical polarogram for one of these = ty : 
5 samples is shown in Fig. 1. The somewhat high result for lead in sample MGS 360 is due _ 
32 +«=«f to interference from the molybdenum in the sample (0-21 per cent. ). With this exception, 
18 the results are in good agreement with those found previously. When modified procedure 
which incorporating solvent extraction before polarographic measurement in a solution buffered — 
nts of with sodium formate was used, lead contents of 0-175 and 0-180 per cent. were found for 


has shown that the well known polarographic method for the simultaneous 
hi ® determination of copper and lead in steel can give precise results within certain limits of _ 
_ &f application. © The raodified method is extremely simple and rapid in operation, involving 
- “a only three basic steps—dissolution, reduction and polarographic measurement. When used | 
ae in conjunction with a cathode-ray polarograph, the method is particularly suitable for the - 
_ § routine batch analysis of large numbers of samples by relatively unskilled staff. ; 


WITH POLAKOGRAPHIC DETERMINATION OF LEAD LEAD- -BEARING STEELS 
ne 


P Pp 
Tin .. Maximum permissible level 0-05 per 


Molybdenum ltol Results about 9 per cent, | high 


ten 10 to about 15 per cent. low at 0-05 per cent. level 


Only two elements interfere with the determination of copper: antimony when present — 


‘ ina ratio with copper greater than 1 to 1, and molybdenum when present in amounts greater — 
s the F than 0-2 per cent. The method is free of interference from all other elements normally used 
per in the manufacture of steel and should be capable of application to steels having a wide 


Tange of | compositions. _ The standard deviation for copper is 0-006 per cent. at the 0-1 al 
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: cent level. afi Interference from up to 2 per cent. of molybdenum can be overcome by using 
a smaller weight of sample, with some consequent loss in precision; in such determinations 
the standard deviation is about 0-01 to 0-02 per cent. of copper for a 100-mg sample. 
Results for lead are less satisfactory, principally owing to molybdenum, which gives 
a coincident reduction wave; interference is serious if the molybdenum-to-lead ratio exceeds 
_1ltol. Molybdenum and iron can be removed by extraction with isobutyl acetate, but this 
involves some complication of an otherwise simple procedure. Titanium, arsenic and tin 
_ interfere if present in more than residual amounts, and there is some interference from the 
preceding reduction of copper. With certain restrictions, summarised in Table VI, the 
polarographic method can give accurate results for steels containing more than 0-05 per cent. 
of lead; this makes it particularly suitable for analysing lead-bearing steels, 
a For the determination of copper in pure iron, the limit of sensitivity and the precision a 
of the method at low levels of copper content can be considerably improved if most of the | DUR 
_ iron is removed by extraction with isobutyl acetate. Further, the composition of the base J ihe ne 
electrolyte is modified by substituting sodium acetate for sodium formate. Impurities Jin th 
Copper. in the latter reagent make it unsuitable for the determination of small amounts of § yith - 
Ss After solvent extraction, the lower limit of detection is 0-0001 per cent. and the accut 
_ Standard deviation is 0-0002 per cent. of copper at the 0-002 percent.level = = = = GF <¢ 
_ Separation of elements that interfere with the determination of lead is only partly consu 
: —... after solvent extraction; the method for determining copper in pure iron is therefore espec 
_ not suitable for the simultaneous determination of lead present in trace amounts. A more Bjhot 
thorough | separation of interfering elements is essential, and Rooney's method,? and 
& incorporates selective extraction of the lead - dithizone complex, is eminently suitable. [ind 
_ Since this work was completed, Rooney™ has reported on the effects of several delice these 
that interfere with the determination of trace amounts of lead in cast iron by the formate fin al 
_ buffer method. Rooney added 0-01 per cent. of each element to a vacuum-melted grey iron lethy 
- containing 0-005 per cent. of lead. He found that the peak current for tin decreased rapidly Boyan 
_ as the pH was increased from 1-0 to 2-5 and was negligible at pH values above 2: 8. Similarly, J remc 
_ the peak height for arsenic decreased with increasing pH; it diminished rapidly above pH 2°6 Ssitr- 
, . was negligible above pH 3-0, when arsenic apparently ceased to be reducible. On the Bmay 
7 other hand, interference from molybdenum increased with increasing pH and was maximal § \ 
= about pH 3. The reduction potentials of arsenic and molybdenum were also critically tion: 


q 


dependent on pH. The interference from antimony and bismuth in the determination of §The 
copper noted in this paper was confirmed. _ Rooney's work demonstrates the need for close igi 
control of = pH of the base omy so that interference effects are consistent. - ia acid 


44 I thank Mr. D. R. Curry for permission to use unt unpublished information as a basis for 
the work described in this paper. In addition, I am indebted to Mr. Curry and to Mrs. D. be: 
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(Isvael Mining Industries Laboratories, P.O. Box 5249, Haifa, Israel) ysl 
simple, rapid and sensitive ‘paper-chromatographic method has been 
developed for determining beryllium in beryllium-containing ores and allied 
materials. Eriochrome cyanine R is used as colour-forming reagent, and 
_ interference is overcome by impregnating the paper with ethylenediamine- haea f 
tetra-acetic acid. As little as 0-002 wg of beryllium can be detected. 
DURING ore-dressing ‘experiments for the beneficiation of beryllium-containing pegmatites, 
the need arose for a rapid method of determining a wide range of concentrations of beryllium 
in the various fractions. The extreme toxicity of beryllium compounds, even in contact 
with the skin,! led us to seek a method involving few manipulations, si * the expense de 
accuracy, so that health hazards would be minimal. 
Since beryllium accompanies aluminium in “conventional analytical —time- 
consuming separations cannot be avoided if the determination is made gravimetrically 2 re 
especially with complex samples. More recent instrumental methods are based on spectro- — 
photometry® te ® or fluorimetry,® 48 but the dyes used in these methods are not specific — 
and some common metals interfere. . Partial separation of beryllium is therefore verse il 
and methods involving extraction, electrolysis | and ion exchange have been introduced; 
these methods are lengthy. Hill® described a method for the direct determination of beryllium — 
in alloys without chemical separation and recommended its application to ores; he used 
ethylenediaminetetra- -acetic acid (EDTA) and cyanide as masking agents and Eriochrome 
cyanine R as colour-forming reagent. However, this method is time- -consuming and involves i: 
removal of silica, fusion of the residue with potassium hydrogen sulphate, dissolution and 
filtration. Spectrographic methods"*-"* require expensive equipment, which many laboratories 
| ~ We have devised a rapid and simple paper-chromatographic method, in which manipula- 
tions are few and the amount of beryllium involved need be only a fraction of a microgram. | 
The chromatogram is developed on paper impregnated with an aqueous solution of EDTA — 
(disodium salt); ethyl methyl ketone - hydrochloric acid - water or ethanol - hydrochloric — as 
acid - water is used as developing solvent and Eriochrome cyanine R as colour- -forming eo) 


me fe rt reagent. The blue-violet beryllium - dye complex is compared with standard chromato- 
D v. grams for quantitative determinations, and amounts as small as 0-002 yg of beryllium can 

No. 1 chromatography paper ‘(type -CRL/ 1) was used throughout ‘this 
and were developed as described by Hunt, North and Wells. 
lytical . 3 Times of development and R, , values were investigated ; an ascending- solvent technique ; 
Ethyl ‘methyt (7 5 hydrochloric acid (1: 5 ml) and w: water 
beriey, Ethanol | ml) and 5.N ‘hydrochloric acid (1 ml).?” 

& n-Butyl alcohol (8 ml) and concentrated hydr ochloric acid (2 ml).27.18 
ce | Portions (0-01 ml) of beryllium sulphate solution containing 0-5 yg of beryllium ‘were 
= . aeeall on 9-cm strips of paper, development was allowed to take place, the chromatograms 
were dried in air, and the spots of beryllium were detected with a 0-5 per cent. solution — Ni 

1121: fof 8-hydroxyquinoline in 60 per cent. ethanol results were— 
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 ADER ‘AND ALON: RAPID DETERMINATION OF BERYLLIUM x [Vol. 
7 Aluminium is one of the elements causing serious interference in the determination of 


in natural ‘aoe and the similarity in colour between the complexes of aluminium andj 


- bayiem with Eriochrome cyanine R. _ When solvent. mixture A or B was used, it was * 
_ found that the bands produced by 0-1 pg - of beryllium and 2 pg of aluminium were distinctly pp, 
_ separate, but those produced by 10 and 20 yg of aluminium overlapped the beryllium band. § 
difficulty was overcome as described under ‘ stable. Interference 28 

Solvent mixtures A and B were € equally suitable. 

Solutions of quinalizarin, 8- hydroxyquinoline, morin and Eriochrome cyanine R ma 
examined. Portions (0-01 ml) of standard solutions of beryllium sulphate containing fromg ? " 
7: 002 to 0-5 pg of beryllium per 0-01 ml were chromatographed with solvent mixture B.§%" 
The chromatograms were dried in air, exposed to ammonia vapour and then treated with§'@ 


a solution of the colour-forming reagent. in tute 30) 
_ With a 0-05 per cent. solution of quinalizarin i in 0-1 N sodium hydroxide, the beryllium 

- formed a pale pink complex; the limit of detection was 0-5 wg of beryllium. ~~ a: 
‘With a 0-5 per cent. solution of 8-hydroxyquinoline in 60 per cent. ethanol, 0-5 peg of 
beryllium could be detected in ultra-violet light after a short exposure to ammonia vapour. 

a Prolonged exposure (about 30 minutes) permitted the detection of 0-1 yg of beryllium. 
However, | fading of the fluorescence, apparently caused by evaporation of ammonia, was 
ol With a 0-02 per cent. solution of morin in acetone, 0-002 yg of beryllium could be detected 
in ultra-violet light, but fading of fluorescence was again observed. 
_ When a 0-075 per cent. solution of Eriochrome cyanine R in water was ‘used, however,] 
the colour of the blue-violet beryllium complex remained stable and 0-002 ug of beryllium 
could easily be detected. Because of its high sensitivity and stability, this reagent was 
the most suitable of those ' tested; the best results by visual pcomparison with standards were 


in the range 0-005 to 0-3 yg of beryllium. 


wit Eriochrome cyanine R forms red to -V iolet with a number of elements, 
~ son some of which occur naturally with beryllium; others have Ry values similar to that of beryl- 
lium. It was thought that interference from these elements could be overcome by impreg- 

nating the chromatography paper with EDTA. | Accordingly, 0-01-ml portions of a solution 

containing 0-1 yg of beryllium, 10 wg of ferric iron and 20 wg of aluminium were placed 
on separate strips of paper that had been dipped in 2:5, 5 and 10 per cent. aqueous solutions 

{ of EDTA and then dried in air. | _ The sample spots were dried under uniform conditions by 
c ‘Placing the treated strips of paper in a beaker floating on boiling water.2® 2” 
- When chromatograms were developed with solvent mixture A or B and Eriochrome 

-_cyanine R was used as colour-forming reagent, only beryllium was visible on paper impreg- 
_ nated with the 10 per cent. solution of EDTA, but the crystals of EDTA visible on the paper 
caused uneven flow of solvent. Impregnation of the paper with the 2°5 per cent. solution 
| of EDTA did not entirely mask the 20 wg of aluminium present, and this interfered with 


_ the detection of beryllium. Paper impregnated with the 5 per cent. solution of EDTA was 
_ Satisfactory, up to 50 yg of aluminium and up to 500 yg of ferric iron causing no interference, 
but the beryllium band was somewhat diffuse and trailing, 
It was thought that, if iron and aluminium remained masked, compact bands of 
beryllium would be obtained if the beryllium were allowed to migrate only a short distance 
_ from the point of application. Solvent was therefore permitted to ascend only part of the 
strip, and compact well defined bands of beryllium were obtained when the solvent front had 
travelled 3-5 to 4cm. Next, a 0-01-ml portion of solution containing 20 yg of aluminium and] 
10 pg each of copper, cobalt, nickel, lead, ferric iron, vanadiumY and the ion UO,?+ was 
Sion at EDTA under these conditions on paper impregnated with the 5 per cent. sol- 
ution of EDTA. None of these elements, the amounts of which were considered to be inf 
“able of those likely to occur with Lup to 0-3 yg o of beryllium lium from natural jae soma, was detect- 


able with Eriochrome cyanine RR. 
Zirconium forms a pink complex with Eriochrome cyanine R, but only under acid con- 
ditions; when exposed to ammonia vapour, the zirconium complex is This 
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Hydrochloric acid, sp.gr. 1-18—Analytical-reagent grade. 
— EDTA solution, 5 per cent., aqueous—Prepare from disodium -ethylenediaminetetra- 
R were __ Solvent mixtures—Add 10 ml of water and 15 ml of hydrochloric acid, sp.gr. 1-18, to 
g from 75 ml of ethyl methyl ketone (solvent mixture A) or add 10 ml of 5 N hydrochloric acid to | 


‘ure Bg 90 ml of ethanol (solvent mixture > B). These mixtures should be prepared from analytical- 


Tegardy 


d withgreagent grade materials, — 

Ammonia solution, sp.gr. 0-880. at union, 

ryllium _Ertochrome cyanine R solution, 0-075 per cent., aqueous. 

Standard beryllium soluttons—Dissolve 0- 1964 g of beryllium sulphate in 

5 ug of 00 ml of hydrochloric acid, sp.gr. 1-18, and dilute to 500 ml with water; this solution contains © 

vapour, 20 #8 of beryllium per ml. Dilute portions of this solution with approximately 1 m hydro- 


yllium. chloric acid to prepare solutions containing 0-002, 0-005, 0-01, 0 nee 0-06, 0 O-1, OL “16, , O- 20, 


20 to 100 mg of finely into a small dish, digest with | 


yweve;, 
ryllium| 
nt was| 


is were| W wee cool, Gena Pa ‘solution to a 25-ml calibrated flask, jeg dilute to the mark with 4 


water. _ (For samples containing only a few parts per million of beryllium, use weights up 7 


ey to 1 g and a proportional amount of hydrofluoric acid.) _Impregnate a sheet of Whatman > 
te ia No. 1 chromatography paper (type CRL/1) by immersing it in the 5 per cent. solution of — 
rents» EDTA, remove the excess of EDTA solution by wiping with filter-paper, and allow to dry 


f beryl- suspended i in the horizontal position. With a micropipette, apply 0-01 ml of sample solution — 
mpreg- (corresponding to 0-002 to 0-3 yg of beryllium) to the treated paper. | Dry the sample spots: 

olution by clipping the ends of the sheet together to form a cylinder and placing it in a beaker floating — 
placed boiling water. After 2 minutes, remove the paper, place it in a 600-ml beaker containing ~ we . 
lutions| 10 to 15 ml of solvent mixture A or B, and cover the beaker with a clock-glass. Allow the : 
ions by solvent front to travel about 4 cm up the paper, then remove the paper, and allow it to dry 
eer in the air or, preferably, on the water bath as before. Expose the dried sheet to ammonia — 
siete vapour by placing it in a covered 600-ml beaker containing a 50-ml beaker filled with emimonia 
the beaker, and spray it on both sides with Eriochrome cyanine R solution. Determine 
olution§ the beryllium content of the sample by comparing the band produced with those produced — 
d witha bY 9 0- -01-ml portions of the standard beryllium solutions | chromatographed on on the same sheet. 


wh. . The ‘proposed | method was tested with a sample known to contain 99-7 per per cent. of 


inds of ber villian oxide. The sample was dissolved in hydrofluoric acid to simulate the conditions _ 
‘istance ff used to decompose rocks, and the solution was evaporated with concentrated sulphuric acid — 

of theif until fumes were evolved. The residue was dissolved in approximately 1 mM hydrochloric — 
nt had acid, and aliquots of this solution were chromatographed; the amounts of beryllium found - 
um and§ corresponded to between 92 and 100 per cent. of beryllium oxide in the sample. When the | 


st lhe | hydrofluoric acid was not removed by evaporation with sulphuric ac acid and beryllium was 
nt. SO 


> be inff of the bands differed from those obtained when the beryllium was present as sulphate. __ 
detect- | _ The reproducibility of the method was found by analysing beryl (theoretically, pure _ 
aie beryl contains 5:4 per cent. of beryllium). Three independent ‘samples, , to one of which > 7 
id con- 


was added an amount of beryllium sulphate tetrahydrate corresponding to about 5 per cent. 
of beryllium, were decomposed w with hydrofluoric acid, acid, and the solutions were treated 


‘This 
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ehaviour suggests a possible method for determining zirconium in the presence of beryllium, — iii 
od it is hoped to: develop such amethed. OF Bee 
a — ve 
— . 
— 
— 
evaporation with a further 5 m! of hydrofluoric acid. To the residue add 5 ml of diluted § Re a 
— 
Re 
— 
4 
— 
— 
— 


The results were 4: 8, 5-0 0 (after 2 allowance for 
Visual comparison with standard chromatograms is satisfactory for determining 0 0-002 to 
0-3 yg of beryilium, and it was thought that this would permit the determination of beryllium 
over a wide range of concentrations in rock samples; 
The proposed method was therefore applied to various fractions of beryllium- containing 
pegmatite obtained in beneficiation experiments; the sum of the results for the fractions 
: corresponded to 91 per cent. of the beryllium present in the sample. In further experiments 
_ reproducibility tests were made on beneficiation samples having lower concentrations of 
beryllium, known amounts of beryllium being added to two samples in each series of deter- 


minations. The results are summarised in TableIl. fait 
nina 


Maximum 


— 


Head |sample 


x 


a Since samples containing beryllium in the — 1 to 20 p-p.m. were not available, two 
such samples were prepared and then analysed by the proposed method; the results are shown 7 
_in Table II. The beryllium bands obtained for mixture No. 2 were compared with standard 


: chromatograms prepared from solutions containing 0-002 to 0-04 wg of beryllium. lh , 
Mixture No. Constituents beryitam content, content found, 
(90% 20 to to25 22, 20 to 25 


quartz (95% w/w) to 2, 1 to 2,f 1 to? 
corrected | for known amount of beryllium added to mixture before decomposition. q 


In n all experiments, ‘samples o of pegmatite were « decomposed with hydeotiuoric acid 
“fo other method of extracting beryllium from ores was 
__ This paper was presented at the twenty-fifth meeting of ‘the I Israel Chemical lla 
“Haifa, in October, 1959, and we thank the management of Makhtzavei - Israel (Israel Mining 


Industries) for permission to publish this work. 
4 
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IN IN FERMENTATION SAMPLES 


a 
on the determination of in it is mecessary 
) take into account irrelevant ultra-violet absorption due to materials other than griseofulvin. 
ishton and Tootill’ have outlined a method of assay in which optical densities are measured at 
Feven equally spaced wavelengths. The necessary computations must be made with a calculating : 
machine and even then are time-consuming. The method described in this Note involves only 
simple calculation and has th the . allowing standards to b be up at the same time 


lution of the sample being tested (which need not be a fermentation sample) are ascertained for 

ll but the middle wavelength; the latter solution containing material giving rise to irrelevant 
eee _ For convenience in what follows, the seven wavelengths (7,;) are written as —3; _ 
-2,—1, 0, 1, , 2 and 3, but use of the re ee themselves would give the same results, although 


ptical euanities ofa . standard solution of pure griseofulvin in in ay tr acetate at and ofa ; beast acetate 


more arithmetic would be involved ed. The can then tabulated as shown i in Table a 


_ SUGGESTED FORM FOR TABULATING RESULTS» 


C7) of standard 


+ Ys + V2) — + ¥s + Ve) 


2 


jlivum) — 
— 
— 

‘aining 
auctions 
deter. 
— 

dee — 
— 
andard 
— 
— 
— 
> acid; —3 | 
| 
Mining — 
Mining — 
merican 
Edition —— 
- 
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ity + x,(pb + B) + x2(pe + C) 


9 
Y,= = (pa + A) + + - + B) + + C) + 27(pd) 
It follows, theref , that 


27d 


Equation (1) is seen to follow. 

E 

is 3 an appendix can be carried out by using ran (1). _ The relevant experimental results § a 
obtained by Ashton and Brown are shown in Table 
of these values i in equation (1) gives— 
+ 0-494 + 0-134) — (0-562 + 0-253 4+ 0-176) 

(2-015 + 1-762 + 0-476) — (1-996 0-900 ++ 0-622) 
735 


hi 922 = 8-3 35 | ug pe per aux where 29- 922 ug 
ml is the sum of the three standard concentrations jective _ This is for practical purposes 


same as the value of 8-36 ug per ml calculated by Ashton and Brown, 
__EXPERIMENTAL RESULTS USED IN — 


Wav elength, Absorption of Absorption 
‘Standard* of sample 


* Each is the sum of three s sets readings. 


‘Dilution factors are allowed. in usual way; thus, if the sample i is a of 1 100 
= the standard contains 9 vg of griseofulvin per ml, the concentration of the sample 
is 9 x 100 x per ml. 


— 
— 

lengt! 

Fig. 
A su 
| 
— 

the 
me 
|: 


as It is easy to whe full use of a standard set up at the same time | as a conte: _ This has t the etn 
,dvantage of minimising errors, such as those possibly introduced see -_ use of different batches ey. 
_ Only six wavelengths are used in equation (1), and care must be taken to ensure that the — Eo 


middle one is the one left out. It would be wrong, for example, to study six consecutive 


lengths and then to use equation (1). Gin 
- The effect of errors of measurement is likely to be minimised if the wavelength omitted ry. 


tee 
= 
4 


Fig. 1; we have found that the best wavelengths to use are 288, 290, 292, 296, ‘298 and ‘sae me 
A suitable concentration for both standard and sample is about 10 pg per ml ml. a Oien." 
‘a fan 


4 


aun 
‘Fig. Diagram showing best position of omitted 


Optic 


The obtained can be applied to products other than it has been 
gcstablished that the irrelevant absorptions lie on a quadratic curve or — line and the pure= ie ; 


1. Ashton, G. and Tootill, R. , Analyst, 1956, 81, 1, 225. 

G. C., and Brown, A. P., Ibid., 1956, 81, 220. 
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_ THE DETERMINATION OF GLYCOGEN IN OYSTERS 


described for determining in meat and fish products are 
the procedure described below permitted the glycogen content of a number of samples of of oyster a Y 


meat to be determined on a routine basis. 0) 


It has been found that glycogen, like starch, can be dispersed in a calcium chloride ‘solution 
of sp.gr. 1-30 and pH 2-3 and that the amount present in the solution can be determined by 
polarimetry. The procedure for determining glycogen is identical with those described previously _ 
for determining starch in wheat flour? and sausage meat* except that (a) the weight of sample 


used is 10g and (0) soluble protein is precipitated by using 5-ml portions of Carrez’s s solutions 


II instead of 2-ml portions, 


- found to be 203°. Therefore, if P is the optical rotation of the calcium chloride ee 
when measured at 20°C in a 20-cm tube with a polarimeter, the glycogen content is given by— 


. 

_ 
il 
— 
| 
— 
be 
— 
| 
—- 
— 
in 100 4 
sample — 
— 
— 


I a saccharimeter is used to measure the optical rotation, the result formula 


check on the result can be made as described below. to dry 
a Add 3 ml of concentrated hydrochloric acid to 50 ml of the filtered calcium chloride dispersion The ¢ 

ts ina suitable flask, and heat under reflux for 1 hour. " Cool, dilute to 100 ml with calcium a 1 
4 chloride so solution, and determine the optical rotation, R, , in a 20-cm tube at 20° cl Then— Bi? ae substi 


peer if a saccharimeter is used, the result calculated from this formula should be multiplied 


ment with saheaaioins oxalate or by passage through an ion-exchange resin, ¢.g., ‘Anbelite IR-120 

_ in the sodium form, and the reducing matter determined, as glucose, by the micro is tech- 

a present, % = Glucose, % x 0-9. 


DIscussION OF THE METHOD 
oT T he samples of oyster meat should be finely comminuted, otherwise extraction of the glycogen 


may be incomplete. If any length of time is to elapse between sampling and analysis, the samples : 


should be preserved in formaldehyde to prevent hydrolytic degradation of the glycogen. In 
practice, about 80 ml of a 10 per cent. solution of formaldehyde to each 200 ml of meat has proved 
effective. Oysters so far examined have shown no . decrease in glycogen content over 4 weeks, J 
nor has decomposition of the meat itself become apparent. 
_ Discrepancies may occasionally occur between the amounts of glycogen - found by y the optical- r 
4 rotation and reducing-value methods, such discrepancies being due to the presence of glucose in , 
the original sample. Chromatography has confirmed the presence of traces of glucose in these : 
_ instances. — - With such samples, it is best tq determine the amount of glycogen present by means § 
of the difference in rotation before and after 
_ When the samples have been preserved in formaldehyde, the amount of glycogen is more 
_ conveniently expressed as a percentage of the total solids. The total solids are determined by 
= the sample with sand in a metal dish and heating ‘to constant weight at 100°C in the | 7 
manner recommended for determining moisture in meat and meat products. 
_ The glycogen contents of samples examined in this laboratory by the proposed method have 
varied between 12 and 25 per cent. of the total solids. These results are similar to those obtained 
‘ by Humphrey’s method,’ which involves alkaline extraction, precipitation of the extracted glycogen 
by ethanol, hydrolysis to glucose and determination of the sugar produced by Shaffer and Somogyi’s 


i. method. This indicates that the calcium chloride solution is effective i in removing glycogen from 
__ This Note is published by permission of the Government Chemist, Department of Se 


an 
1. Fraser, J. R., Brandon-Bravo, M., and Holmes, Cin ‘Sci. Food. Agric., 1956,7, 577. 

2. Fraser, J. R., and Holmes, D. C., Analyst, 1958, "83, ‘S71. 
| é., Austral. J. Exp. Biol., 1941, 19, 311. 


4. Shaffer, P. A., ‘and Somogyi, M., . Biol. Chem., 1933, 100, 695. 
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REAGENTS FOR SOME ORGANIC SUBSTANCES | bes 


mm work on carbohydrate « chemistry we have studied three chromatographic reagents, one for 
4 certain nitrogenated substances and the other two for carbohydrates and their esters. 8 


— 


= 
* 
— 
af 
| — 
4 
Te 
als 
alk 
_ 
es 
reagent 1s prepared Dy mixing equa ar cent. aqueous soluuon sO 
Ao ieee a -metaperiodate and a 3-5 per cent. aqueous solution of picric acid. (The latter solution is maintained § 


ersion 
cium 


yr 
iv 
‘iplied 


roved 
weeks, 
ptical- 
ose in 

these 
means 
more 
ed by 
in the 
1 have 
tained 
rcogen 


at c of the reagent to ensure that the picric acid remains ) 


chromatogram is sprayed with the reagent mixture until it is thoroughly wet and is then allowed © Ps he : 
to dry completely at room temperature; it is then heated in an oven at 110° C for 5 to 15 minutes. on 


The substances listed in Table I give a pink colour on a yellow background. Some ines 


+ 


substances, arginine, alanine and asparagine, , also produce a ‘Teagent, but 
SUBSTANCES FORMING COLOURS WITH PE ERIODATE - PICRIC ACID -REAGENT 


Colour formed in cold 
Creatinine ds No colour with 100 pe resicras 


Nitrogenated 


Benzoyl-p- glucosamine 


Glucosaminic acid oxime 


Heterocyclic compounds— gith ad oc) Lows whys 
: Indole . ve to 10° pt 5 


Thiohydantoin .. our formed in cold 


Colour developed after subsequent standing for 2 hours at room temperature. i 


_ The use of this reagent could clvvienaity be extended to the assay Pe other substances, such as- 


q 


The first anupand is a mixture of (a) 2 volumes of a 2 per cent. solution c of picric acid in methanol 
and (b) 1 volume of a 10 per cent. solution of sodium in methanol; the mixture is prepared shortly — 
before use. The chromatogram is sprayed, allowed to dry at room temperature and then pete 
in an oven at 110° C for 5 to 15 minutes. _ Pink spots on a yellow background appear in presence of 
reducing sugars or their acetylor benzoylesters, 
The second reagent is a modification of the well known alkaline silver nitrate reagent. | Three 
solutions are prepared and stored separately: (a) a 0-3 per cent. solution of silver nitrate in methanol, 
(b) methanol saturated with ammonia and (c) a 7 per cent. solution of sodium in methanol. 1 The 
reagent is. prepared by mixing these solutions in the ‘Tatio 6:1:2, respectively, and colour is 
developed by dipping the chromatogram in the mixture. After being set aside at room temperature — 
for a few minutes, reducing and non- reducing carbohydrates and their acetyl and benzoyl esters 5 
produce brown, yellowish or greenish spots onabeigebackground. ts 
‘These two reagents could be useful in the reversed-phase paper chromatography of carbo- ij 
hydrate esters. Some of the substances assayed with these reagents are listed in Table II; the _ 
assays were made in order to ascertain the range of sensitivity of the reagents and were generally vas 
carried out 7” placing spots of a 1 iad cent. solution of the substance on rectangular pieces of 
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. CARBOHYDRATE DERIVATIVES ASSAYED WITH THE PICRIC ACID AND SILVER NITRATE REAGENTs | 


p-Glucosaminic acid nitrile -acetate. 


hy 
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THEY co- PRECIPITATION OF PHOSPHATE WITH LEAD MOLYBDATE IN ie 

_ THE BRITISH STANDARD METHOD FOR DETERMINING PHOSPHORUS, IN STEEL 


iy 


‘Tue precipitation of phosphorus as ammonium molybdophosphate was ‘investigated. in detail by CHE 


‘Stockdale, 1 who also studied the British Standard method,* in which this reaction is used for deter- 4 
mining the phosphorus content of steel. He estimated that co-precipitation of phosphate with 
the lead molybdate caused the final result to be high by about 1 in 200, but did not give experi- 
-mental details. A radiochemical study has shown that the amount of co-precipitation is somewhat : 
less than this estimate, even for steels having fairly high contents of phosphorus. As Stockdale | 
the determination is affected to only a a trifling ¢ extent by phosphate. 


EXPERIMENTAL 
A 2- -g sample of the steel was dissolved in a mixture of nitric and hydrochloric acids, per- §the 


_chloric acid was added, and the solution was evaporated until fumes were evolved. — _ The solution fof i: 
was cooled, and hydrochloric acid and then hot water were added. — * The solution was then boiled §no : 
and filtered, any residue being re-treated and added to the filtrate. After the combined filtrates ~ 
had been heated to fumes with hydrobromic acid, the residue was dissolved in water, ammonium §sod 


nitrate was added, together with about 2 yc of phosphorus-32, as orthophosphate, and the phos- and 


_ phorus was precipitated at 80° C as ammonium molybdophosphate. r The precipitate was collected, det 
washed free from iron salts and dissolved in a 50 per cent. aqueous solution of ammonia, and 
molybdenum was re-precipitated as lead molybdate by adding lead acetate solution. The pro- 
cedure recommended in the British Standard was carefully followed, particular attention being j 
- paid to the correct volume of solution at the various stages. The precipitate was collected and 
washed with hot water, the combined filtrate and washings were diluted to 500 ml, and a 10-ml J 

BF sage of — solution was counted in a Mullard MX136 liquid counter with aul Ecko scaler, 


and 
see 


: Determinations were made « én steels having different contents of phosphorus under the | 
Base stipulated in the British Standard. The percentage of total phosphate carried down 
with the precipitate was calculated from the corrected count. rates for the filtrate and the re- aenctved 


a clear tendency towards greater precipitation of phosphate as the phosphorus content of the 
- increases. However, the highest value recorded in a single experiment corresponds to an 

- increase of only 0-32 per cent. in the weight of the lead molybdate; the mean value for a medium 

phosphorus steel is about 0-16 per cent., i.e., approximately one-third of Stockdale’s estimate. 

ae Ammonium molybdophosphate was also prepared by Thistlethwaite’s method*; 3-5 times §* 


_ the stoicheiometric amount ¢ of an acid solution of ammonium eames was a added toa solution P 


Ls 

2. 
4 
— 

> 
) 
1 
| 
74 all 
is) 
— 


10phosphate containing, as radioactive tracer, 2 pc of phos- 


fe) 

Jphorus-32, as orthophosphate. The precipitate so obtained was treated in the same way as the Tae , 

molybdophosphate precipitates from the steels. The results for phosphate co-precipitated with pe oN 


PHOSPHATE CO-PRECIPITATED WITH LEAD (MOLYBDATE i 


content of steel, determinations Phosphate co-precipitated, 


1-08 to 1-98 (mean 1-40) 


tances Bead molybdate in this experiment ranged from 1-48 to 1-89 per yer cent., the : mean value for _ 


determinations being 1-68 per cent. The amount of phosphate weed was equivalent to that a 
a 2-g of 1 containing 0-048 per cent . of phosphorus. 


: is rigs 
2. British Standard 1121: Part 9: 
TEEL§ 3. Thistlethwaite, W. P., Analyst, 1947, 72, 
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"APPARENT Loss ¢ OF IRON DURING FUSION SILICATE SERIALS. 
SODIUM HYDROXIDE IN NICKEL -CRUCIBLES 


Rost DURING an investigation into rapid methods for analysing aluminosilicates and materials of high 
wah _ ffsilica content it was observed that iron was apparently retained by the nickel crucibles in which 
S, pet- Ithe sample was decomposed. Although it has been appreciated for some time that reduction © 
lution 


) of iron oxide during fusion can cause retention in platinum crucibles, to the best of our knowledge 
This apparent loss of iron was observed when | samples were decomposed by fusion with 
in nickel crucibles. ‘The: melt was subsequently decomposed with hot water, 
and solution was completed in nitric acid. After dilution to a definite volume, the iron was i 
determined spectrophotometrically by means of o-phenanthroline. All the results were low, — 


and there was a definite indication that the loss was aig eeiies to the amount of iron ae 
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CoMPARISON OF RESULTS FOUND BY ACID D AND Fusit 


. 


Accepted 


solved Silica | brick 


‘imate. 1 Portions of the same samples were ial decomposed by volatilising the silica with hydrofluoric a 
times §@cid in platinum dishes, fluoride being removed by subsequent evaporation to 0 dryness with - 


phuric acid. _ The residue was dissolved in hydrochloric acid and the Getermination completed — 
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 eutataenndaitps as s before. Results by this technique were in fair agreement with accep ed 

values and, when plotted on the calibration graph obtained for prepared solutions, were reasonably 


0.50 


emissi 
mininy 
mined 
two 
of alle 
when 
in the 
initial 
perox 
by a1 
tatior 


at Ferric per 100 mi of final solution, mg 


Op 


‘Fig. Calibration graphs for iron con- 
tent: curve A, prepared solution (hydro- 
- fluoric - sulphuric acid treatment); curve B 


two samples (fusion with sodium 


Results obtained by fusion with sodium hydroxide were also on a straight line (see Fi Fig. 1 Absor 
; curve B), which was substantially identical with an empirical calibration obtained by decomposing is. 
standard samples in the same manner. This suggests that the e effect can be obviated by a cali 
_ bration b based on fusions of standard samples (see Table 


‘Tron USING CALIBRATION GRAPH BASED ON 


Sample 


‘Silica brick 
basi 
run 
a ‘It was at first thought that these errors arose from interference by y nickel, but a calibration and 
_ with prepared solutions to which aliquots from a blank fusion had been added was identical withg mus 
- that from pure solutions alone. It appears, therefore, that some of the iron in the sample igfafte 
_ retained by the nickel crucible in a form such that it is not removed even by thoroughly rinsing§ ear 
_ the crucible with acid after the fusion. This loss of iron could be accounted for by assuming - 
that some of it is reduced and then forms an alloy with the nickel of the crucible. The peculiarityg mir 
of this phenomenon lies in the apparent mney of the ratio of the loss to the total iron content 
British Ceramic RESEARCH H. Beavers we 
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NOTES 


OF SAN AMARIUM AND OTHER RARE EARTHS 

AcCURATE ‘methods for determining rare-earth metals at high and low concentrations are Seidiiidiy os 
j eaten important, owing to the increased use of these metals in alloys and the high thermal + 
neutron absorption characteristics exhibited by some of them, even at low concentrations. With .. 
the exception of samarium, reliable methods of for determining these metals when 
present in major amounts. At low concentrations also, samarium is the most difficult to determine oe 
_ Table I summarises methods that have been investigated for determining samarium, together 
with the reasons for their almost complete failure. However, despite the partial failure of © we 
emission-spectroscopic procedures, such an approach seemed to be the most promising for deter- 
nining samarium, particularly when it is considered that other rare earths can readily be deter- a 
mined in this way. Application of a spectrographic - method to this determination presented pe 
two problems: (a) the choice of ¢ a suitable interference- free line for samarium in the determination — aan 


of alloying amounts of samarium and (b) the development of a suitable procedure for concentration : 

> The procedure for isolating samarium must hes tailored to suit the sample. For example, ie 

in the presence of elements not precipitated in ammoniacal solution, ¢.g., magnesium and calcium, ie 

initial separation can be made by precipitating samarium, as hydroxide, in the presence of hydrogen x 


peroxide. _ When an element such as iron or zirconium is at a samarium can be concentrated © 


Lg Bes , Separation of aluminium c or : thorium as benzoate or iodate results in Apert y precipitation (and 


Fig. 1 Absorption spectrophotometry at 401 to 402 my yp of an ‘Lower limit for reliable measurement i isabove 
aqueous solution of chloride or perchlorate _lgofsamarium perlite = 
‘§ Solution of sample in hydrochloric acid under an atmos- _ Low results caused by loss of samarous ion in 
phere of hydrogen, addition of a ferric salt and titration the reaction Sm*+ + H+ Sm*+ +}H, 
Precipitation samarous sulphate from et ethanolic Precipitation incomplete 
§ solution in presence of a reductant, e.g., sodium 
: on Precipitation as oxide or fluoride ona cerium, yttrium © ‘Lack of spectral lines free from overlapping — 
or aluminium carrier and spectrographic determination lines of other rare earths. At low concen- 
with the carrier as s internal | standard? toe "= trations, there is a dearth of sufficiently 
Pane sensitive lines, especially in the ultra-violet 
Polarography Half-wave ‘potentials of rare ea are close 
_ The most satisfactory method for separating cerium from samarium is by precipitation of 
basic ceric nitrate,’ but, in presence of magnesium, preliminary precipitation of cerium and sama- 
rium, as hydroxide, is essential to avoid the formation of soluble ceric magnesium nitrate. Thorium 
is best separated from samarium by extraction, as thorium nitrate, into tri-n-butyl phosphate _ 
and subsequent volatilisation of residual thorium as tetrachloride. To achieve complete recovery 
yrationg and separation of rare earths from the traces of unextracted thorium, the chlorination conditions _ 7 os 
ul with§ must be modified to suit the type of furnace used. The anhydrous rare-earth chlorides present > 
nple is§after removal of thorium tend to hydrolyse, but this can be avoided and the recovery © of = =) ae 
rinsing§ earths made quantitative if the residue is fused with pyrosulphate. = = | yor fe 
suming St A combination of the methods ontiined above is the basis of the procedure used for deter- _ 
onten a i. Samarium lines in the region 2000 to 4350 A and several in the visible region are listed in te - 


a - Table II, with observations as to ‘suitability. A d.c. arc source and an aluminium carrier were aa 


used in the determination of alloying amounts of samarium; measurements were made with an > 


ae 

ARL spectrograph (wavelength range 2160 to 4330 a) and the lines used were those for samarium — 2 - 

it is necessary to determine small amounts of samarium, it has been found possible 


h, 196 to use lanthanum, which ae a ay simple a as internal standard. Lanthanum 


Tol. § — 
— 
— 
— | 
— 
| 
a tation as hydroxide. These separations, however, do not remove cerium or thorium, and attem ee | ‘oe 
— 
| 
ve 
4 


4 in the cendons state; we had previously used lanthanum as internal standard in the spectrographic] itis 
ern nterfer 


determination of other elements.® ‘Further, lanthanum. can be accurately determined by similar] 

Evatuation OF SAMARIUM LINES FOR ANALYTICAL | USE REMOVAL OF (CERIUM contait 


Below 3200 No visible lines from other rare-earth lines" mia appliec 
3211-8 Not reliable cto 
an 3230: 5 Tron must be absent or removed ; high c concentrations of cerium interfere, ov owing to broaden-§ 
Overlapped by neodymium line at 3236-54 (x) 
Reading must be made carefully (praseodymium at 3240- 0 4 
a5 a Only usable if neodymium is absent or present in low concentrations (neody mium line alumit 
at 3254-1 a); iron must be absent or removed (iron line at 3254-14) _ fand 1 
4 _Overlapped by neodymium line at 3306-44002 amar 
2 Faint; overlapped by neodymium line at 3321-4 a (if present in quantity) lud 
3389. 4 Overlapped by neodymium line at 3382-8 a (if presentin quantity) = ads actus 


3445- 6 Very faint for oxide samples; slight interference from neodymium line at 3445-9 a and gi 
3634-3 Overlapped by neodymium line at 3634-3 AC 6 earths 
3649-5  Overlapped by lanthanum line at 3649-5 a 
3661-3.  Overlapped by neodymium line at 3661-3 Tabl 
3670-8 Overlapped by lines for praseodymium and europium (3670-8 a) and neodymium " “9 a) _— 
3694-0 to 3854-2 Overlapped by cyanogen bands; line at 3854-2 a is clear of other rare-earth lines — = s 


4251-8 Overlapped by lines for praseodymium (4251-5 a), gadolinium (4251-7 a) ae cerium 


3933-6 Affected by broadening of lanthanum line at 3936-2a 
Overlapped by lines for gadolinium (3983-0 a) and neodymium (3983-2 and 3 34 1 
4106-6 Overlapped by cyanogen band and a ime 

} 


4256-4 J Overlapped by lanthanum and neodymium lines at 4256-5 a onl 
4262-7 Z Overlapped by lines for lanthanum (4262-3 a) and praseodymium (4262-8 a) as ey 
= ‘1 Overlapped by lines for europium | (aw ‘7 A), praseodymium oan 1 a) and lanthanum | 
4280-8 Overlapped by neodymium line at 4280-7 a0 Py 
4285-5 _Overlapped by praseodymium line at 4285-5 a and broadening of lanthanum ine at 4287-0! 


‘Affected by broadening of lanthanum line at 4287-0aA 


4292-2. Affected by broadening of lanthanum line at 4296-0 a. Line has been weed with a 

«slit, background correction and special densitometer for determining high concentrations a 

of samarium, even in presence of cerium = 4, i 
4296- Affected by broadening of lanthanum line at 4296-0A iter 

4304-9 Overlapped by lines for lanthanum 1 neodymium ‘(4304-4 a) and m he 


4309-0 Overlapped by praseodymium line at 4308- 9A A 

4318-9 Overlapped by lines for praseodymium (4319-0 a) and neodymium (4319-3 a) 

4323-3 Overlapped by neodymium line at 4323-3A (81095) 
- 4329-0 Overlapped by praseodymium line at 4328-9 A and lines for praseodymium and europium 
4334-1. 
4467-3. 


On extreme limit of instrument used; overlapped by praseodymium line at 4333-9a 
‘Beyond limit of instrument used, but evaluated with direct- -reading equipment; subject 
to complex interference from cerium 


4745- Beyond range of instrument used; appear 1 to be free by overlapping 


| " spectrographic methods and gives satisfactory working curves for the logarithms of the intensity 
i ratios of the samarium lines at 3230-5, 3239-6 and 3254-4 a ‘4. to the lan nthanum line at 28559 9A 
| when a d.c. are source is used. The curves for the samarium lines at 3230-5 and 3239-6 a are 


identical; the line at 3254-4. is more subject to interference, but is the most sensitive. _ The 
lower limit of detection for all three line pairs is a samarium- -to-lanthanum ratio of approximately | 
_ The separations and procedures outlined for determining major amounts of samarium were | 
applied to mixtures containing known amounts of rare earths, together with thorium, zirconium 


calcium and magnesium. _ Rare- earth oxalate precipitates and filtrates were converted to oxide 
and weighed ; all precipitates and were then examined 
— 


) 
4 
>,” 
a 
} 
bur 


raphic from solution as and subsequently ignited to oxides. confirm 
imilarfinterferences from “overlapping lines, three exposures were made adjacent to each other on the s 
film with (2) pure samarium oxide, (#7) a typical rare-earth sample and (iat) the pure oxide of the 
_ fbuspected interfering element. Working curves were prepared in the same way from solutions ne 
ontaining 50 mg of the carrier - internal standard (lanthanum or aluminium), as chloride, and 
__ fiifferent amounts of samarium, etc.; these solutions contained no interfering metals and were > 
hot subjected to any initial separation procedure. — _ Finally, the entire separation procedure was 

_ pplied to typical solutions; the results, which indicate that recovery of samarium \ was — S 


‘Samarium added, mg per 50 mg of lanthanam “30 0-80 0-80 

‘Samarium found, mg per 50 mg of lanthanum .. 026 0-80 oe 8 

; oi In addition to this work, the determination of other rare- earth metals was investigated, oo 

m line 

and lanthanum) to be simultaneously determined ; the procedure ‘used was same as that for 

cae -famarium. Full working onic were drawn for those metals so far detected in commercial alloys, _ 

sais S ncluding lanthanum, cerium, praseodymium and neodymium, and partial | curves for europium | 

whe nd gadolinium at impurity levels (about 0-01 per cent. of total rare earths). — For the other rare a 

as arths, limits of detection were established by examining high-purity calcium and magnesium-— 

ontaining samples, hydroxide precipitation only being used; the results > summarised 

ta) RN 

The tine at 3050-1 a was used as is reference 


ppm 


5-p 4303- sat if present imilar 
Europium . ‘ High concentrations of cerium and 

Gadoliniu “5 Cerium and high concentrations of 

Terbium 3324-4 4 Cerium and praseodymium 
3472. Cerium and high concentratio of most 
55-9 A 
be The bd 
vegiieuns These limits are for trace determinations only; if one rare earth, or more, is present 

ately 


in high concentration, it will act as a diluent and will decrease the amount of both carrier and | 
_ impurity in the electrode, thereby increasing the lower limit by decreasing the total amount of or ae 


spectrographic analyses were made with an ARL 1-5-metre instrument, with a complete _ 

oxide Jburn and d.c. arc exposure. Samples were mixed with an equal weight of graphite and packed — 

ically, fin United Carbon cup electrodes (type 108k); the counter-electrode was of }- ~inch diameter graphite, 


| 

= 

4 

— 

= 


"spherically. ended and conical (60°) at the tip. . ‘abetioraies could be reduced by using a narrow 


entrance slit (5 to 20 »), but this decreased the intensity of light reaching the film, lowered the 
pp oe og and increased the limit of detection. A 40-, slit was found to be the best “compromise 
3. Pao-Lin Hsu, Lien- -Fang Shen, Chien-Hwa Cheng and 1 Ting-Chao Chang, Acta saatiates im. Sinica, 1988, 
24, 419; Chem. Abstr., 1959, 53, 18,7378. 
4. Wood, D. and Turner, M., 1959, 84, 725. 
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STATUTORY INSTRUMENTS* 


1960—No. 2261 . The Arsenic in Food (Amendment) Regulations, 1960 a 
: “2 ia Regulations, which came into operation on December 14th, 1960, amend The Arsenic in Food| 
_ Regulations, 1959 (S.I. 1959, No. 831, mentioned in Analyst, 1959, 84, 397), by increasing from| 
2 to 5 parts per million the maximum amount of arsenic permitted in brewers’ yeast intended 
for use by manufacturers in the manufacture of products. 
1960—No. 2331. The Skimmed Milk with Non-Milk Fat Regulations, 1960. Price6d. 
- These regulations, ‘which will come into operation on September 19th, 1961, (a) impose requirements 
aioe” as to the labelling and advertising of certain ‘specified foods”’ that have the appearance of milk, mea 
condensed milk or dried milk and that contain skimmed milk and non-milk fat; (b) prohibit the] — 
_ labelling ov advertising of the specified foods in a manner suggestive of milk or anything con- 
nected with the dairy interest; and (c) provide that the Condensed Milk Regulations, 1959 (S.I. 
1959, No. 1098, mentioned in Analyst, 1959, 84, 523), and the Public Health (Dried Milk) 
Regulations, 1923 to 1948, shall not apply to any specified Sood. 


OOD STANDARDS COMMIT 
Tue Ministry of Agriculture, Fisheries and Food, the Ministry of Health, the Department of Health fo: 


Scotland and the Home Office have announced the publication of a report by the Food Standards Com- an 


_ mittee making recommendations for control over the composition, description and labelling and are 


_ claims in connection with bread ‘should be controlled ; and that Monson claims for enrichment of bread 9), 
or for energy-producing qualities should be prohibited. 
The Committee recommends that the present regulations requiring all flour to contain certain nutrients 


should be continued unchanged for the present and that only « certain bleaching and 1 improving itt 


should be allowed for the treatment of flour. 


_ Before deciding whether and to what extent pape recommendations should be implemented, the Ministers 


be obtained from H.M. Stationery Office, price 4s. 6d. (plus 4d. postage). 


& Obtainable from H.M. Stationery Office. 7 Italics indicate changed wording. — 
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OURNAL OF THE. FORENSIC SCIENCE | Society. “Volume 1, 1960. ‘Editor: 
S. S. Kinp, B.Sc., F.L.S., M.I.Biol. Pp. 68. Harrogate, Yorkshire: The Forensic 


Society. Annual Subscription (two parts per year) 40s. Single numbers 20s. 


1 a ' The re recent formation of the Forensic Science Society calls for some comment, since most of 


which 
is to appear twice yearly, is an appropriate occasion for this to be done. 2 tt—t sill 
| The 19th century saw the development of forensic medicine, and, since an important aspect — 
_ fof such work dealt with poisoning, the foundations of toxicology were laid. — For the detection — 
Jind determination of poisons, expert chemical knowledge and expertise are required, and by the é 
beginning of the present century the most eminent toxicologists were qualified in both ‘medicine 
_ During and after the development. of forensic medicine, , chemists in other fields were called x ; 
upon for legal purposes. For example, when the first old-age pension scheme was introduced 
over 50 years ago, evidence of date of birth was required. Many applicants had no birth certifi- 
fates, and entries in family bibles or other documents were submitted as evidence. Frequently, 
_ [biterations or emendations had been made, and expert evidence was required regarding authen- 4 
-Iicity. This involved the chemical composition of inks, their rates of fading, the order in which _ 
changes had been made and an application of chemistry, photography and microscopy. Certain a 
hemists specialised in such fields and gave great assistance to the courts. 


analysts, government departments and consultants all took part. ‘The Analyst contained many 3 if 


papers in this field; mention may be made of the contributions of Dr. Roche Lynch, former President | 
f the Society, and of Dr. Mitchell, for many years Editor of The Amalyst. 2 —™ 
_ In 1938 the Home Office set up regional laboratories to assist the police in criminal investi- ns 
gations. The record of these laboratories during more than 20 years shows that they are interested 
* Feel olely in presenting the whole of the ascertainable facts to a court and are not for or against oe 


dedj Forensic science to-day requires knowledge of all branches of science. It further a, 


the ability to make proper deductions from. ascertained facts. rm It is a specialised field, and for 

this reason it justifies a new Society i in which personal contact and circulation of ideas are particu- 

larly important. The Journal is needed to circulate the specialised information useful to the 
emenisimembers, which other societies might consider inappropriate for their publications. This does ch ; 


o< mean isolation from the main body of science, but a channeling of relevant parts from each branch 
ibit 


4 "Accounts of lectures and papers given at a symposium, correspondence, case notes, reviews, = 


4 Forensic scientists will frequently be required to give evidence as expert witnesses. The i 
attitude that such a witness should is expressed i in | the quotation — 


The first issue of this Journal contains the Chairman’s Address at the Inaugural meeting, — 


Jo answer this question: Are cause A and effect B directly related? The Courts, and through them 4 
Ith forciety at large, would like an unequivocal Yes or No. It is often impossible to give such an 
s Com-§nswer. We cannot say, for instance, that this blood came from that individual or that this ac 
rtisingpbject caused that damage. The only valid scientific conclusion is that cause A and etiect B a 
__ hould have been related, which is a very different thing from saying that they were related. No _ 

s amount of clever cross-examination should ever budge an expert witness from this position in fC 
mming ich instances, or indeed from a position of certainty, if this has been established. He has the he, - 
— whole weight of science behind him, provided that the methods by which his conclusion has been 
teached are fully exposed to the criticism of scientific opinion.” R. NICHOLLS © 
KTEXTBOOK oF PHARMACOGNOSY. By T. E. Wats, D.Sc., F.R.LC., F.P.S.,. M.LBiol., ¥.L.S. 

"That another edition of this book has been called for within 5 years is ‘eloquent - testimony aa ‘ 
of its worth. The description given in the review of the third edition (Analyst, 1956, 81, 247) Bi: ng 
md equally be applied to the fourth, but the whole of the text has been revised to it in 
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line with modern developments, , particularly in n relation. to of 
that has been the focus of much research in recent years. + Further, the value of the text is no 
enhanced by the addition of two new chapters, the one giving detailed schemes for describing 
the morphological characters of drugs and the other comprising general instructions for systematid THE 
_ study of powdered drugs, with a series of Tables arranged so as to ) provide : a comparative viewp2Ore 
, After studying this book with its fine illustrations (247 of them) one is impressed by the} subn 
- wealth of information in it of value to. analysts, and this omens alone recommends it as an im ; i 


Publications Received Stee | 


= UND FLAMMENSPEKTROGRAPHIE. By Prof. Dr. WoLFGANG SCHUHKNECHT. Pp. xii + 


a= 


AND WorksHoP Notes ‘Es 1956-58. Compiled and Ph. D. 
A. Inst.P., for The Institute of Physics. Pp. xii + 218. London: Edward Arnold (Pub-#! 


A fifth sel ctio ted from the Journal of Scientific I nstruments 
i Tae Com By R McCance, C.B.E., M.D., Ph.D., F.R.C.P., F. R.S., 


Wippowson ,D Pp. viii + 252. London: Her “Majesty’s Stationery | Office. | 


au Point DE ANALYTIQUE PuRE ET ET D’ANALYSE BROMATOLOGIQUE.| 


Edited by J.-A. Gautier. Huitiéme Strie. Fp. ii + 148. Masson et Cie. 1960.) 


_Puysiko- GRUNDLAGEN UND TABELLEN ZUR QUALITATIVEN ANALYSE (Mit AUSNAHME 
DER GASANALYSE) (Ww. D. TREADWELL). Edited by Prof. Dr. oO. GUBELI and Dr. W. pay 


_ PRODINGER. Pp. xii + 236. _ Vienna: Verlag Fr Franz Deuticke. - 1960. _ Price 168 Aus ; 


HANDBOOK OF Micropiotocy. By Morris B. Jacoss, Ph.D., and MauricE J. _GERSTEIN, B.S.. 


Ll M.S. Pp. x + 322. Princeton, New York, Toronto and London: D. Van Nostrand Co, 


Spot TEsTs IN OrGANIC ANALYSIS. By Fritz FEIGL, Eng., D.Sc. | Translated by Ratpu E, 


« 4 Oxsren, Ph.D. Sixth English Edition. _ Pp. xx + 675. Amsterdam, London, New York 
and Princeton: Elsevier Publishing ~ Co. Co.; London: D. D. Van Nostrand Co. Ltd. - 1960 y 


REPRINTS OF “ANALYTICAL CHEMISTRY OF BERYLLIUM” _ 
L. SMYTHE AND R. N. 


“Analytical Chemistry of Beryllium” by L. E . Smythe} 
and R. N. Ww hittem, bar in this issue of The Analyst (pp. 83-94), will be available 


shortly from the Assistant Secretary, The Society for Analytical Chemistry, 14 Belgrave 
Square, London, S.W.1, at 5s. per copy, post free. _ A remittance for the correct amount, 
‘made out to The Society for Analytical Chemistry, MUST accompany the order; these reprints 


not av ailable through Trade 
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2 aspect 

t is no q 

stematic§ Society publishe papers on all of a alytical 


ve vieygnorganic and organic, including chemical, physical, biological, bacteriological and micro methods. | 
‘Papers on these and subjects, by members or by non- n-members, may be 


by the sub) 

$ an im- 

‘the results of original investigations into known methods or improvements ‘therein. 
mr Og (3) analytical results obtained by known methods where these results, by virtue of special — 


_ circumstances, such as their mag ¢ or the e novelty o of the materials examined, constitute 
3 


Cotte’ and all communications relating» thereto ‘shot ou be 
el Insti- _ Papers 1 will normally be submitted to at least one referee, by } whose ttviice the Publication pag 
«(Committee will be guided as to the acceptance or rejection of any communication. Be 


junction accepted by the must elsewhere except by 


to which are to be should 2 accompany 


re hl supplied gratis. Additional reprints may be obtained at cost if ordered directly from the printers, — 
«IW. Heffer & Sons Ltd., Hills Road, Cambridge, at the time of publication. Details are sent ~ 


1900. _ NOTES ON THE WRITING OF PAPERS FOR The Analyst 


Be brief: a page contains, on average, 800 words ¢ costs ‘£15 to publish 
ISNAHME| * M anuscript—Papers and Notes should be typewritten in double spacing on non- situ aes 


Dr. W.fpaper and on one side only. The top copy and one carbon copy should be sent to the Editor, and ot 


Austrian further copy retained by ‘the author. Manuscripts should be in accordance with the style and 
[sages shown in recent copies of The Analyst. Authors are recommended to study ‘The Presenta- 


tion of ‘Papers to The Chemical Society” (2nd Edition, 1959; price 2s. 6d. from The Chemical — 
Society, Burlington House, London, W.1), or “Handbook for Chemical Society Authors 1960’ a 
price 21s. from The Chemical Society), the nomenclature rules in which aa be followed. d. The 


IN, B.S.. 
rand Co, 
ALPH E, 
ew York 
1960. 


Generally, the best order of is as indicated 


Statement of object of investigation and, if necessary, historic al introduction and 


Smythe} of preliminary experimental work; these must be no longer than is strictly necessary for — as : 
3elgrave (c c) Description of method. Working details of proposed methods are most concise and clear A 
amount, when given in the imperative mood, and should ‘normally be given in this form, ¢.g., _ 


reprints} “Dissolve ! of in 10 ml of water, and add. Well knowa must 


— 
— 
| 
— 
— 
ie 
— 
00 to 250 words 
1s Of abou 
All papers must be accompanied by a short synops 
oofs 
— 
| 
— 
— 
— 
4 = 
— 
— 


é 


f) Conclusions: and, ii if required, a short st summary of the principal results 


Tables, diagrams, etc. ete ~The number of tables should be kept to a minimum. Column headings 

should be brief. Tables consisting of only two columns may often be arranged horizontally 

_ No lines should be ruled in tables in the manuscript. _ Tables must be supplied with titles an 

bes so set out as to be understandable without reference to the text. 
Tables or graphs may be used, but both the set of results, unless important 


In eneral, taphs should have a reasonable: number of co- lines, and ‘not onl the 


two main axes. _ Graphs consisting of straight lines passing through the origin, such as calibration 
curves, should not be submitted: instead, an equation should be giveninthetext. = 

ie and graphs should be drawn in Indian ink on Bristol board, stout paper or tracing 

_ cloth, not larger than foolscap size and with at least 1-inch margins all round. The use of squared 
paper should be avoided if possible; red, orange or brown ruled paper must not be used, as these 
colours reproduce in block-making. If it is necessary to use ruled paper, blue or green ruling: 
4% may be used. All lettering should be inserted lightly in black lead pencil at the appropriate 
place i in the diagram, and will be replaced by type in block- -making. All lines in Indian ink should 
be firmly drawn and sufficiently thick to stand reduction. __ “a 
Drawings should be specially prepared for submission to The A 
- be returned and may be modified or cut in the course of block-making. The duplicate manuscript 
may be accompanied by photographic or dyeline copies of the figures, or by | pened af sketches, ‘for 


_ transmission to the referee; there is no need to prepare Indian-ink duplicates. — " 


Photographs—Photographs for on art should be submitted as ts 


4 ‘nits ies g., ml, © »g, mm) and after °C, °F, y, a and other units represented by symbols; litre 


and metre, when without prefixes, are printed in full. 
_ Abbreviations other than those of recognised units should be avoided in the text; symbols 


ee and formulae are not used instead of the names of elements and compounds in the text, but may 
be used in addition to names when they are necessary to avoid ambiguity, e.g., to specify crystalline 
compositions, as in CuSO,.5H,O, to show structure or inequations. = = — 
— Percentage concentrations of solutions should be stated as “‘per cent. w/w” (alternatively 
= per 100 g”’), as “‘per cent. w/v” (alternatively ‘‘g per 100 ml’’) or as “per cent. v/v.’’ Concen- 
_ uations of solutions of the common acids, however, are often conveniently given as dilutions of 
the concentrated acids; they should then be given in the form “diluted hydrochloric acid (1 + 4),” 
which signifies 1 volume of the concentrated acid mixed with 4 volumes of water. . This | avoids: 
ambiguity of of 1:4, which might b be e equivalent to either 1 4 or 1 + 3. 


be numbered serially. in n the text by means of 
figures, e.g., Dunn and Bloxam! or Mitchell,? and collected in numerical order under ‘‘REFERENCES” 


at the end =" the gener. _ They should be listed, with veath authors’ initials, in the following form— 
1, Dunn, J. T., and Bloxam, H.C. L., J. Soc. Chem. Ind., 1938,52,1897. 
Mitchell, C. A., Editor, “Allen’s Commercial Organic Analysis,” ” Fifth Edition, J. & A. 
+ For books, the edition (if not the first), the publisher and the place and date of publication should 
be be given, followed by the volume or page number, or bothifrequired. = 


The entry of ‘‘personal communications”’ in the reference list is not justified ; full acknowledg- 
ment of such unpublished sources should be made in the text or in the acknowledgments at the 


_ Authors must, in their own interests, check their lists of references against the original papers; j 
_ second-hand references are a frequent source of error. The number of references must be kept ] 


Negiect of of the points: menti ed above is likely to cause delay in publication. 
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